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FOREWORD

The process of learning to use a complex computer program is most
often frustrating. Regardless of the care taken to document and explain
the various features of the program, a new user is easily confused by
unfamiliar terminology and descriptions of the methods employed.
Usually, the developers have become so conversant with the problems
addressed by the program and the way that they have interpreted and
solved them, that it is difficult to communicate with the uninitiated.
They simply forget how far they have come from the beginning. Often the Ai

-4 appropriate beginning point can be found and quick learning obtained
through dialogue between the developer or an experienced user and the
novice. Unfortunately, the written page does not provide for such
feedback. One should keep in mind that it is at least as difficult to
write a manual that adequately describes a program as it is to learn to
use the program.
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PREFACE

'rhv SEADYN cable dynamics compufter program was developc-d over a
6-year period primaril y by the Naval Civil Enginneering Lalboratory (NCEI.)
under [tie sponsorship of the Naval Facilities Engineering Conrriand
(NAVFAC). SEADYN is the largest of several cable analysis programs
developed under the Large Di splacement Cable Dynam ics project. These
programs have been validated by laboratory and at.-sea experimet.s and
allow for the confident analysis of arbitrarily configured cable
structures subject to a wide variety of environmental and system loads.

This report is one in a series of five used to document the SEADYN
computer program, This set of reports consists of:

(1) SEADYN User's Manual: Describes the program input, format
and external file requirements, and briefly discusses use of
the program. Example input.s are presented.

(2) SEADYN Theoretical Models: Describes the finite-element
formulation, iniplementation of particular submodels (strunuming
model, linearizations in the frequency domain solution, etc.),
and numerical solution techniques (Ref 1).

(3) SEADYN Programmer's Reference: Describes SEADYN coding
structure, logic, memory usage, and required system routines
(Ref 2).

(4) SEADYN Test Cases Report: Includes detailed input and corre-
sponding output for use in confirming the program's operation
(Ref 3).

(5) SEAPLOT User's Manual: Describes input format for the
graphics program that complements SEADYN's tabular output;
requires the CDC-Cybernet UNIPLOT graphics support package
(Ref 4).

References 5 through 7 provide the following information and data
on SEADYN-related topics: Data on cables, chain, and other SEADYN input
parameters (Ref 5); a siumary of the comparisons between SEADYN
predictions and measured data (Ref 6); and a bibliography of NCEI,
reports published on cable dynamics (Ref 7).

The user is cautioned that only the cable portion of the program
has been satisfactorily validated. The mooring-related options are
still under development and are subject to change. Therefore, the use
of SEADYN for I)roblems involvin vessel, dynamics is not recommended..at
this time.

THE U.S. GOVERNMENT ASSUMES NO LIABILITY
FOR ANY LOSS OR DAMAGE

RESULTING FROM THE USE OF THiS PROGRAM.
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1.0 INTRODUCTION

The SEADYN computer program simulates the responses of cable and
truss type systems in an ocean environment. Such structures often
appear deceptively simple. As a result the uninitiated is surprised
that careful modeling is required to obtain a solution. Cable structures,
even a simple catenary span, are highly nonlinear. Adding the offshore
environment greatly compounds the problem. This computer program provides
extensive capability for dealing with these problems and includes con-
siderable flexibility and variety in the solution methods. But capability,
flexibility, and variety have not been achieved without a price -- an
increase in complexity.

SEADYN is a finite element program that employs simple line elements.
These line elements can be used repetitively to describe long mooring
lines, intricate truss structures, or complex cable systems. SEADYN
includes lumped body models to simulate buoys, anchors, weights, etc. ill
the structure. These lumped masses are treated as point loads that
represent weight/buoyancy and fluid drag effects. SEADYN also models
dynamic rigid bodies that represent ships, barges, platforms, and mooring
buoys. These are distinct from the previously mentioned lumped bodies
since they provide for multiple line attachments and full six degree-of-
freedom body response calculations. Two additional unique features of
the program are the ability to represent variable length lines (payout/
reel-in) and the component adequacy checks (tests buoys, anchors, and
lines for potential underdesign).

The complicated nature of the nonlinear problems dealt with by
SEADYN and the variety of numerical methods built into the program make
it tempting to expound on the theories involved. Indeed, it is felt
that a program such as SEADYN can be used intelligently only when the
user has some fundamental knowledge of nonlinear mechanics and numerical
solution methods. Attempts to treat such a program as a magic black box
will inevitably lead to costly piles of paper full of useless numbers.
Unfortunately, those who succumb to the black box syndrome are often
unaware of erroneous or meaningless results since they seldom question
what the computer has done. To such a user, a successful execution of
the program with no diagnostic messages means correct answers. A success-
ful solution of nonlinear equations requires the selection of appropriate
solution procedures and the specification of incrementing and or iteration
parameters. Default values can be provided when the user knows little
else to do, but often the appropriate method and parameters are problem
dependent. It is unrealistic to expect a single manual to tell all that
is known on the subject. In the first place that is simply impossible;
even if the body of knowledge is static much of the know how is obtained
through experience and cannot be given as a set of rules or instructions.
Secondly, the bulk and detail would be overwhelming to the novice, and
much that is important would be diluted.

I



The approach taken here is to briefly outline the nature of the
nonlinear problem, describe in simple terms the pertinent features of
the nonlinear solution methods, present the input form for SEADYN, and
illustrate the modeling process with some simple problems. Exposition
of the governing equations and theoretical details is contained in
Reference 1.

2
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2.0 CAPABILITY OVERVIEW

'The SEADYN program is designed primarily to analyze the static arid
dynim mic responses of id(i.rwatcer cable and truss structures. The major
feaLures of the program are summarized in Table 2-1. The structural
load paths are defined by straight lines between node points. The
element.s represented by these linies are assumed ta have negli'gible
bending resistance, and torcional effects are ignored. Thus the only
load in each element is tension or compression. An option is provided
to have compression treated as negligible. Should any elemcnt in the
structure reach a displaced state representing a shortening of that
element beyond its unstretched length, the stiffness is set to zero.
The stiffness is restored when a stretched state is obtained. The
physical limitations imposed by the water surface or the seafloor can be 4
approximated by setting limits on specific nodes that the user expects
to be involved. The positia3ns of the nodes are continually monitored in
nonlinear solution stepr to activate or deactivate these tension-only
eiement and liroit conditions.

Two basic material models are provided to represent static load
behavior. One uses a load-strain tabular format for specifying general 4
nonlinear behavior. The other is a two-parameter model thatbpresumes
curve fitting of empirical data. The assumed form is T = ae . Material
damping effects can be included through a one parameter (Kelvin damping)
or a two-parameter (Reid-NOAA damping) viscoelastic model. A proportional.
damping option is also provided.

The fluid dissipative and loading effects on the structure can also N

be modeled. Reynolds number-dependent drag and constant added mass
:oefficients are provided for the line elements and lumped bodies.
These program coefficients can be selected or the user can input his own
via a subroutine. Dynamic fluid-solid interaction on rigid bodies is
treated using drag and added mass coeffic~ents, buiit-in potential
theory solutions fer mooring buoys in frequency domain analyses, and
e2.ternally supplied data files for ships and platforms; only drag is J
consi.dered in static analyses. An approximate static loading function
is also provided for shins.

The solution farmats in SEADYN can be assembled in varying order.
Using the basic assumption that large deformations occur, the behavior
at each motion state is dependent on its current configuration and
possibly on the previous hiutory. A staged or seqtenced solution form
can be used to apply loads and per-form calculations. The configuration
at thc' beginning of one stage (called a subanalysis) is automatically
defined as the configuration reached at the end of the previous stage,

A typical sequence might be as follows: A

Stige 1: Establish a st.:ucturally stable reference state.
(Usually this represents the static state subjected
only to gravity loads.)

Stage 2: Apply steady-state or static loadings and special
boundary conditions (e.g., impose wind and current
loads).

31
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Stage 3: .Apply dynamic loads and/or impose movement.

Stage 4: Recover a previously calculated state (RESTART option)
and impose a new static loading.

Stage 5: Apply a new dynamic load sequence.

Stage 6: Calculate mode shapes and -tatural frequencies.

Stage 7: Continue dynamic analysis of Stage 5, etc.

The input data structure of SEADYN is segregated into a problem
description set and a sequence of subanalysis data sets. Each subanalysis
(Stages I through 7) is identified by a subanalysis option (SAO) flag.
A list of the SAO flags and a brief description of their purpose follow:

DEAD - Nonlinear static analysis to apply gravity/buoyancy anidli
specific point loadings.

LiVE- Nonlinear static analysis t.o apply flui.d loads and varlious
other load states.

DYN - Nonlinear dynamic analysis (time domain). Allows time
variations in loads, currents, motions (towing, etc.),
line lengths (payout/reel-in), and lumped body impact.

TSSS - Time Sequenced Static Solutions. Approximates nonlinear A

dynamics by neglecting accelerations and solves for
configuration changes due to payout/reel-in and/or imposed
boundary motion as a sequence of static nonlinear solutions.
Generates a LIVE solution for each time step requested.

MODE - Calculates vibration mode shapes and natural fi -quencies
for a linearized representation of the current state. This
provides information only. The mode data are not used by any
other subanalysis now defined in SEADYN.

FREQ - Frequency domain dynamic response using linearized frequency
dependent solutions. Calculates regular wave response or
response spectra at. any node for specified wave spectra
imposed on ships and mooring buoys.

CHEK - Evaluates the adequacy of various mooring componenLs ill the
currently defined state.

The LIVE, TSSS, and DYN SAO sets allow for adjustment of drag loading
to approximate the effects of line strumming. This is done in the form
of response-dependent drag amplification factors that are periodic:lly i
calculated for user-identified strings of elements.

4
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The FREQ SAO set can use an impii.ed LIVE SAO to approximate the
change in static posi.tiou due to wave-induced steady drift effects.

A restart capability is provided to allow the saving and subsequent
use of a•N of the calculated states. A restart can be in the current
ruai (a in tihe earlier exauaple) or in some subsequent. computer run. The
restart files are also used as a data base for a separate post-processor
graphics program SEAPLT, Reference 4.

SEA1)YN provides a minimal set of drag coefficients, time variation
functions, current profiles, and ship-load functions. When these prove
inadequate, alternate definitions can be provided through user subroutinen
and data files. Frequency domain dynamic equations are provided for
mooring buoys and other bodies that can be approximated by a simple
sphere immersed to the equator. More complex body dynamics can be
described through an externally generated ship motion data file.

5A



Table 2-1. SEADYN Capability Summary

General

* 3D large displacement response of cable and truss-type structures
using the finite element method A

e Can include lumped bodies, six degree-of-freedom rigid bodies
(ships, platforms, etc.) and fluid-solid interactions

* Staged format, sequential analysis for statics and dynamics

* Treats nonlinear materials with internal damping, nonconservative
loads, and nonlinear constraints

Special Features

* Variable length lines to simulate payout/reel-in dynamics

* Automatic estimation of drag coefficient amplification to I
approximate strumming

* Restart options

* Wave spectrum analysis with approximation for steady drift forces

* Component adequacy checks using design rules

* Plotting interface

* Free-field input format

* Catenary element for treating bottom interaction

Load/Boundary Conditions

* Gravity/buoyancy loads in water and air

* Arbitrary point loads and flow fields

* Wind and surface current loads on rigid bodies

* Built-in or user-supplied drag lunctions with flow/response-
dependent amplification

* Arbitrary time variations (built-in or user-supplied)

* Moved boundaries

* Conditional constraints for surface and bottom limits

6



Static Solution Methods

* Sequence of linear increments (Euler's method)

* Residual feedback method (incremental self-correcting)

* Modified Newton-Raphson (various forms)

* Viscous relaxation method

Dynamic Solution Methods

9 Nonlinear Transient - Sequence of Linear Increments
- Newmark's 0 (residual feedback form)
- Direct Integration Method (a multi-para-

meter predictor/corrector)
Time sequenced static solutions (quasi-

static)

o Frequency Domain (linearized with respect to the static state)
- Mode shapes and frequencies
- Response to wave spectra - Superposition of

frequency-dependent steady-state
solutions, fully coupled ship, buoy
and line responses

7



3.0 THEORY OVERVIEW

The SEADYN program seeks to represent a general spatial arrangement
of cable and truss components as a collection of simple elements. The
present version of SEADYN allows two element forms: a straight line
between two points (nodes), and a bottom-limited catenary. The straight
line element in straight before and after deformation of the structure.
It assumes negligible bending resistance and uses the instantaneous
distance between the defining nodes along with the unloaded (unstretched)
length of the element to estimate the strain. A single value for the
element tension is thert obtained from the Lt.nsioii/strain data given for
that element. Since straight lines and constant tensions are low order
approximations to the actual behavior of flexible lines, it is important
that the analyst carefully consider how the structure is modeled.
Regions where large curvature and/or highly variable tensions are expected
should be approximated with more elements than in those regions where
tensions vary slightly and lines are more nearly straight. In general,
more elements mean more accuracy and more cost. Good modeling practice
leads to a rational compromise between accuracy and cost. Achieving
this compromise requires engineering judgment that comes from experience.

The bottom-limited catenary element uses classical catenary equations
in an iterative procedure to develop stiffness and force relationships
for a line which must interact with the bottom. Two nodes are used in
the element definition, and adjustments are made in the equations to
deal with line stretch and the amount of line lying along the bottom.
Only gravity loads are applied to this element (current loads are neglected).
Only approximate mass relations are provided for treating the dynamics
of line pick-up and lay-down, so this element should be used with caution
in transient dynamic solutions.

Since SEADYN deals with large deflection effects, the position and
velocity of all nodes and the unstretched lengths of all elements must
be considered in each step of the solution. This is referred to as a
geometric nonlinearity, and it poses some problems not encountered in
small displacement analyses. In static analyses, where inertia effects
are ignored, it is possible to have a set of unstretched lengths and
nodal positions that represent an unstable structural configuration.
Unless the specified loads anid solution procedures produce appropriate
movements to modify the position of the nodes and reorient the elementr,
the structure represents- a mechanism. This means that it is not capable
of providing a sLatic load path between the points where loads are
applied and where the' are supported. Another form of instability can
also occur. This is the more familiar buckling instability in which an
apparently stable structural configuration will suddenly deform to a
radically different shape with only minor changes in loading.

The majority of numerical solution techniques used in SEADYN can be
classified as initial value methods. This means tuiat a solution step
proceeds from a state where all pertinent data are presumed to be known
to a staLe where estimates are made of the effects of loading changes
using some sort of a predictor. When this estimate is within certain
reasonable bounds of accuracy it can be improved by iterative corrections.
In those situations where the initial state is not accurately described
or where it represents an unstable state, the predictor is usually very

8



inaccurate, if not undefined. SEADYN provides's various means of dealing
wi th t hi;s prob elem, bt. ut I Io rtuna tel y t here i.s no all powerful method
that works every time with little or no special input, it is in daling
with this prohl ,r that the now user (and ofte en the experienced uner)
will encounter ilhe most frustration.

The various solution methods are discussed in thie following palra-
graphs. rhe user will readily find the methods t-hat work effectively oni
well-posed problems . In these cases more than one approach may be
available, and the choice of which one to use can he based on economnics,
accuracy, or user experience. The discussion focuses on difficulties
that can be encountered in highly nonlinear or poorly posed p)roblems inl
the hope that the user can identify the difficulty and see how to adjust.

The first. step in any analysis is to describe the initial geometric
state. As noted above, this requires the specification of the length
(stretched or unstretched) of every element arid the spatial position of
each node. The ideal is to have a consistent set of nodal positions and
element lengths that describe an equilibrium state under a known loading.
The natural way of describing such a state is to give the spatial coordi-
nates of each node and the element tensions. Unstretched element lengths
are then easily calculated front the strains (obtained from the tensions
and material properties) and the stretched lengths (obtained from the
nodal positions). When such a configuration description is available,
the solution process can start simply by spocifying a loading sequence
that begins with the loads represented by the initial equilibrium state,

Most often, the analyst does not have an exacL equilibrium state
from which to start. Initial unstretched element lengths are known and
the general form of the structural layout can be defined, but the correct
nodal positions and tensions for a particular loading are not known,.
For simple structural forms it may be possible to guess a set of nodal
positions that approximates the equilibrium state with the distance
between the nodes representing the unstretched rather than the stretched
lengths (catenary response, for example). Generally, even this approximate
shape will be awkward to specify. It may be more convenient to list the
unstretched element lengths independent of the positions of the nodes in
the guessed configuration. In either of these situations the element
tension data are extraneous because the correct tensions can be obtained
only after the correct nodal positions are obtained. In the first case,
the nodal positions imply unstretched lengths, which in turn means all
the element tensions are zero. In the second case, the nodal positions
imply guesses of the stretched lengths which, when taken with the speci-
fied unstretched lengths, imply a nonequilibrium set of tensions.

Neither of these approaches will give a stable state from which to
proceed directly through an analysis sequence. An equilibrium state for
the structural configuration must be found for some initial loading
state. When the starting point is not an equilibrium state, the initial
value solution methods fail; the predictor becomes inaccurate or undefined.
This is true in static analyses because the predictor is expressed in
the form of a tangent stiffness matrix that is singular unless the
structure is stable. However, it is possible to construct a very approxi-
mate predictor for unstable systems using a set of artifical tensions.
SEADYN provides for input of artificial tensions and/or a psetido-teosioio
generator called numerical damping. The predictors consti.ucted in this
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manner can be very inaccurate, and the appropriate choices for the set
of tensions and numerical damping parameters are highly problem dependent.
Some trial solutions may be required to find the appropriate choices for
a specific structure.

Various numerical solution schemes are provided that attempt to
converge on the correct equilibrium state when the structure is initially
unstable or nearly so. All of them rely on some combination of iteration
and incrementing (applying the load in steps). The multiplicity of
methods is maintained in SEADYN because no universally effective method
has been found. Most problems can be handled quite well once the analyst
has experimented with the solution parameters and the specific problem
to identify and adjust to any sensitivities. One should plan to spend a
little time becoming familiar with the initial responses in highly non-
linear problems. The discussions in Sections 8 and 9 will be helpful.

Static Solution Methods

A brief description of the static solution methods follows. More
detailed descriptions are given in References 8 and 9.*

Residual Feedback Method (RFB). This is an incremental, self-correct-
ing procedure that presumes loads or imposed displacements are applied
in a sequence of steps. The first step is a simple linear one. Each
step after the first adjusts the load increment by an estimate of the
equilibrium error from the previous step. The incremental stiffness
matrix is recalculated at each step and reflects the nonlinearities
apparent at the last completed step. This method is the least expensive
to apply, the most numerically stable, and the least accurate. It
requires explicit listing of the steps and performs only that number of
steps with no iteration. It requires a stable state to start from,
which can be artifically produced by fictitious tensions or initial
numerical damping. The RFB method can fail if the incremental stiffness
matrix becomes singular or very ill-conditioned after the first step.
The final state can have large equilibrium errors since a full iteration
to convergence is never done. More accurate solutions can be obtained
by increasing the number of steps.

Modified Newton-Raphson Method (HNR). This method can be used in a
fully iterative (single-step) form or an incremental-iterative form.
The method iteratively evaluates the difference between the external
nodal forces and the internal reactions to search for the displaced
state that satisifies equilibrium. The tangential stiffness matri% is
used to estimate the displacement change- for each iteration. This
matrix can be recalculated at each step or at user-specified intervals.
When the incremental form is used, the user must estimate the numnber of
steps to be used. Depending on the rate of convergence at each step,
the step size can be ine-reased or decreased automatically by the program.
Various schemes are used on the iterations to accelerate convergencv.

*Another solution form is also in SEADYN. It is called a sequence of
linear increments (SLI). This is essentially Euler's method and it
requires very small steps to get accuracy. It is of no value in
getting initial configurations, and its use is not. recommended.
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The first iteration at each load step can extrapolate from the converged
state in the previous step. Fictitious tensions can be used in the
starting state, and numerical damping can be employed on each step. The
MNR method is conditionally stable. It can diverge if the predictor and
convegence accelerators are inefficient or inappropriate. The convergent
behavior can be obtained very slowly with excessive numerical damping.
Convergence of the iterations is determined from simultaneous occurrences
of small displacement changes and small values for the force residual
(difference between external and internal forces). The user can specify
the convergence tolerance, the frequency of tangent stiffness matrix
calculations, the limits on iterations, and the characteristics of the
extrapolations and convergence accelerators. Default values are taken
when no selection is made.

Viscous Relaxation Method (VRR). This is a generalized form of the
Newton-Raphson method, which can automatically adapt the characteristics
of the solution steps to the behavior being sensed. An artificial time
parameter is used to produce load steps or iterations. When applying
the load in steps, a series of numerically damped load steps are produced
that have a form similar to the RFB method.* When the full-load level
is reached, the VRR method iterates while adjusting the damping level
and pseudo-time step to move to the equilibrium state. As convergence
is achieved, the method degenerates to the Newton-Raphson method with a
stiffness matrix evaluation at each iteration. This is the most robust
and the most expensive method. It is often capable of getting convergent
solutions when the others fail. The VRR method can fail if there are
excessive numbers of iterations or an inappropriate selection of control
parameters. The methods used to adjust the solution characteristics are
heuristically defined and can work well on some problems and be ineffective
on others. The user can select the initial damping level, the initial
step size, the number of starting increments, and the convergence tolerances.
Default values are provided, but the appropriate choice of parameters is
problem dependent. Inappropriate selections of damping can lead to very
slow convergence or wildly oscillating behavior (cyclic calculations
without convergence). Convergence is signaled by a very low value of
the force residual or by the simultaneous occurrence of low force residual
and small pseudo-velocities at all of the nodes.

Even when a stable structural state has been obtained, it is possible
to develop solution instabilities while subsequently applying additional
loads and/or movement. These problems result from physical instabilities
in the structure (e.g., buckling) or from numerical instabilities in the
solution. Often both situations occur together. In general one does
not encounter the classical bifurcation buckling behavior exemplified by
an Euler column. An instantaneous shift in deformation behavior is a
smaLl displacement abstraction of a large displacement nonlinear phenomenon.
Incvt-mental/iterative solutions would show a buckling instability as a
large change in deflection for a small change in load. Graphically this
would appear as a strongly curved load/deflection plot with a slope
tending to zero. Analytically this means a portion of the stiffness
matrix contains small coefficients relative to the rest of the matrix.
Numerically this means the stiffness matrix is ill-conditioned (nearly
singular).

*A parallel form which employs the SLI format is referred to as the VRS method.
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In modeling cable structures (moorings in particular), one often
encounters portions of the structure with stiffnesses much lower than
the rest of the system. Lines carrying very low tension have very
little stiffness in lateral motion even though their stiffness in -tretchifig
can be high. The angular motion components on moored vessels and buoys
can have much lower stiffnesses than the linear motion components. This
disparity in stiffness may not always signal a buckling-type problem,
but it does produce numerical problems. The low initial tension problem
is not a buckling problem unless compressive loads are applied. Loads
that produce tension will stabilize the structure. (This is the initial
state problem discussed earlier.) On the other hand, the buoy angular
response problem can well be a buckling problem. There can be loading
conditions that drive the buoy angular response to give large angle
changes for small changes in load magnitude and/or direction. Or there
can be limit states (which represent a sort of buckling) where the buoy
position is unstable and tends to move into a state representing a
twisting of the mooring lines. SEADYN makes no attempt to detect line
crossings or related phenomena.

Attempts to converge on an equilibrium position when very low
stiffness components are in the system can be costly (requiring many
iterations and small steps). The buoy angular response and low tension
systems are particularly troublesome. In both cases, the iterations can
produce large changes in position, and convergence will be hard to
obtain. The problem is compounded by numerical errors associated with
solving the stiffness equations. A mixture of stiff and soft components
leads to numerical ill-conditioning errors, which can be compounded by
the sequence of the equation processing. This sequence is determined by
the node numbering scheme in SEADYN. The ideal sequencing causes the
soft components to be processed before the stiff ones. Unfortunately,
one cannot afford the luxury of optimum ordering in this sense because
it can greatly increase the equation bandwidth, thereby increasing the
solution costs. Consult Reference 10 for more on equation ordering and
solution errors.

Rigid bodies (mooring buoys, ships, platforms, etc.) are interfaced
to cable elements using multiple attachment points. Nodes, which are
used on the cable elements, have three degrees-of-freedom (one for each
displacement component). The rigid bodies require six degrees-of-freedom
(three displacements and three angular components). Slave/master constraints
are imposed that imply the rigid body kinematics. A pair of nodes is
used to define the six degrees-of-freedom for a rigid body and all other
nodes on the body are required to move as though rigid links exist
between them and the body node pair. The body node pair is the master,
and all other nodes on the body are rigid link slaves.

Lumped bodies are assumed to have insignificant spatial dimensions
so that their effect on the kinematics of the line is negligible. They
are simply lumped at nodes where they produce mass an] drag load effects.

Dynamic Solution Methods

The dynamic solution procedures in SEADYN fall into two categories:
time domain and frequency domain. Time domain analyses are fully nonlinear.
Two basic solution methods are available for numerical integration of
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the nonlinear time domain equations. Both solutions. are based on a
generalized form of the Newmark difference equations (Ref 8). At present
there are no time domain rigid body equations available in SEADYN so
that nonlinear Lime d(omain solutions for ships, platforms, and/or buoys
are not possible. Master/slave relations are not functional in the time
domain. A brief description of Lime domain solution methods follows.

Implicit RFB Method. This is an implicit integration scheme that
follows the more traditional Newmark format of solving a set of simul-
taneous algebraic equations at each time step. Payout/reel-in and
moving boundary options have not been implemented in this method.
Specification of three integration parameters and the time step size is
cequired. The method is strongly stable but can be inaccurate for large
time steps.

Direct Integration Method (DIM). This is a predictor-corrector
technique that does not require the formation of a stiffness matrix.
Specification of three integration parameters and iteration controls is
required. Time step size can be specified or calculated by the solution
routine. The iterative corrector is conditionally convergent and requires
strict upper bounds on the time step.

There are two types of frequency domain analyses in SEADYN. One of
the frequency domain options is simply the estimation of vibration mode
shapes and natural frequencies. It uses the well known Jacobi method.
This option gives information about the dynamic character of the equations.
The information is made available on a data file but is not used elsewhere
by SEADYN. In the present version of the program, only a diagonal mass
matrix is used, and no correction is made for the lack of a tangential
added mass on the cable elements. All other dynamic options in SEADYN
make this adjustment.

The other frequency domain option is a quasi-linear procedure that
solves a set of frequency-dependent linearized equations for steady-state
harmonic responses. These responses represent the fully coupled behav- .r
of mooring components and a single-moored vessel subjected to wave
forces defined through a wave-height spectrum. Spectral superposition
techniques are used to estimate response spectrum data. The methods
'!sed assume that the motions involved are small amplitude perturbations
about a nonlinear static reference state. The steady effects of wave-
induced drift forces can be approximated by an iterative procedure that
automatically generates a LIVE subanalysis. The LIVE subanalysis adds
the drift forces onto the static reference state after a frequency
spectrum pass has been made. The user has the option of limiting this
procedure to a single pass or repeating it until no significant changes
occur in drift forces and wave responses. See References 11 and 12 for
theoretical details. SEADYN has frequency domain equations for the
response of spherical mooring buoys. These equations assume that the
water line is at the equator. It is assumed that the frequency domain
equations for the ship or platform are available in a user-provided file
that gives motion coefficients and loading functions versus wave freqnency
and heading. The format of this file is described in Appendix A.
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4.0 INPUT DATA STRUCTURE

The SEADYN program uses a free-field input format. Information
describing the problem and subanalyses is organized into blocks of data
called records, terminated by column 80 or a terminating character (see
Section 5). Examples of records are punched cards or lines separated by
a return. General rules for generating SEADYN data records are given in
Section 5, followed by specific descriptions. The data deck always
begins with at least one title xccord. An unlimited number of title
records can be used at the beginning of the deck. Later in the deck
structure when the logic calls for a new title record, only one is to be
given. Immediately following the title record set, SEADYN expects to
find either a RESTART or PROBLEM data set. These provide a basic
description of the problem either from a saved file or new data input.
The PROBLEM data set consists of a variable set of records defining the
geometry, materials, and various tables to be used in the problem solution
stages. The data sets are identified by flag records or keywords.
These keywords are limited to 10 characters in length, but only the
first four are required.

The various solution stages are described in SAO data sets under
the headings described previously. A termination of a string of solution
stages is indicated by an END or NEW record. END terminates the run.
NEW returns to the title record set (only one record this time) and
expects to find RESTART or new PROBLEM directives. The basic program
flow is represented in Figure 4-1. Representative input decks are
included later in the examples. These decks provide useful references
for the input instructions section.

The free-form input allows the data records for a ship loading file
to be read in the fixed-field format. When required, this data can be
included anywhere in the data deck after the first title record set.
The input format is described in Appendix B.
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5.0 FREE-FIELD INPUT RULES

The following special characters are recognized by the subroutine
FREINP:

Record Terminator Flag
Signals no more data to be read for the record image being
processed. Multiple record imdges (records) can appear on
a single record separated by record terminators. Double-
record terminators signal the end of a record, and any data
following this are treated as a comment. Comments will be
listed as part of the record but will not be transmitted to
the data file.

Alternate Record Terminator Flag
Performs same function as $

COLUMN80 Default Record Terminator
Unless a prior termination or continuation is signaled,
the end of record (COLUMN80) is taken as a record
termination.

Word Delimitor (Separator)
Separates sequences of data entries in a record image.
Repeated delimitors produce zeros in the words. An initial
comma produces a zero in the first word of the record. All
words not explicitly defined are assumed to be 0.0. A
comma can be used to signal multiple records (continuation)
when only blanks occur between the last comma and the end of
record.

BLANK Separator/Delimitor
Leading blanks are ignored. Once the beginning of a word
is detected, a blank will terminate the word. Any blanks
following a delimitor are treated as leading blanks for
the next word. The following are equivalent:

xx yy
xx , yy
Xxyy

Continuation Flag
Signals a word termination with the next word to be read
from the next record. See "," for alternate continuation.

W Word Position Flag
Used to override the word sequencing and shift to a new
word in the record. Input then follows in sequence from
the new word location. The new word number is given
immediately following the W and before the next "." or blank.

16
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The W can be used as a delimitor of the previous word on
all but the first word in a record. The combination ",W"
is the same as W alone. The first word of a record is not
(he• ked for the W flag so ",W" must be used to skip to a
i.c,, sequence from the first word position. Any W after the
first word and before the record terminator will be i
interpreted as a position flag.

Conm.mtent Record Flap
-This character anywhere on a record will terminate it
an-ld the remainder of the record is treated as a comment.
* in column I produces no record.

Hollerith (Alpha-Numeric) Field Delimitor
This character is the apostrophe (11-8-5 on the 026
keypunch and 8-5 on the 029 keypunch). It signals the
st.art arid end of a character string. The string can be
any length up to a maximum of ten-character "words"
allowed by the application. This is usually 8, but it
can be more or less as the use dictates. Any legal
character can be used in the string except the apostrophe.
Character strings can continue past column 80 to the next
record since the string automatically signals continuation
until the terminal, apostrophe is found. All blanks in the
string are counted as characters.

Fi).ed Formt Initiator Flag

This in column 1 of any record after the title record signals '1
that the records up to the next ")" record are in fixed form

These records are written on a special data file in BCD
format.

Fixed For-mat Terminator Flag
This in column 1 signals the end of a sequence of rigid
format records.

Anv record with a or "*" in column 1 will be treated as a comment
record. It will be listed but will not produce a data record.

Each free-field input deck is presumed to begin with one or more
title 7-ecords. Title records are read and listed until a specific record
terminator is detected ($ or ; but not COLUMN8O). The record on which the
terminator is detected will be used as a page heading for the run.

,111!
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The FREINP subroutine processes the entire input deck and translates
it into a series of data records. As noted above, a data record can
span more than one line or there can be one or more records on a line.
After the title line, the data are assumed to be arranged in blocks
headed by a fla&__record. Each flag record is limited to ten alpha-numeric
characters. Only the first four characters of the flag record have
meaning. For example, the flag record ELEMENTS could be shortened to
ELEM to produce the same result.. In those instances where the flag has s
only three characters, there must be a blank or word terminator after
the third character. The specific data order applicable to the flag
record is assumed until the next flag record is detected. Flag records
must have the flag word in the first word position.

Data records are assumed to be in floating point form unless a
character is detected that is inconsistent for a floating point number.
In this case, the word will be treated as a Hollerith word. All floating
point words assume a decimal at the end of the word if uone is given.
Words actually intended to be integers are converted to a fixed-point form
at the time they are used by the program. The maximuum length of a data
record is determined by the program using the free-field subroutine.

The beginning and end delimitors for fixed format records must
appear in column 1 of a distinct data record (individual record). This
specifically requires that the previous record must have been appropriately
terminated (no continuation). The ( ) delimitors are the only things
read on that record, and the next data processed are assumed to be on the
next record. Only one rigid format data set is allowed in any run. A
rigid format data set cannot be input before the initial title record
set is completed.
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6.0 PROBLEM DEFINITION DATA

"Th-,i are two ways of providing problem definition data: RESTART
or a new PROBLEM data set.

RESTART presumes a previously generated restart file is available
that contains all of the problem description data and the results of
the SAO calculations. RESTART can be use, to continue the previous SAO
with some of the optionis and parameters c-, nged, if desired. At the
completion of Lhis SAO, any other appropriate SAO can be requested.
Alternatively, RESTART can be used to establish a starting state for a
new SAO. The appropriate form for RESTART input is:

.7

Title Record Set

RESTART

(Restart data)

SAO flag

(SAO data as needed)

END or NEW

The PROBLEM data set provides a complete description of all ot the
nodes, elements, bodies, etc., that describe the problem at hand. The
order of the data records is:

Title Record Set

PROBLEM

(Problem data sets)

SAO Flag

(SAO data as needed)

END or NEW

The order of the problem data sets is not rigidly specified. Ube the
data sets as needed and follow logical sequences. For example: LINE I
requires start and end node data that must be defined by NODE and/or
other LINE data. The data set descriptions are listed alphabetically by
the flag record following the title, REST and PROB descriptions. A summary
of flag records (four characters) follows:

19



Tittle

REST Restart data

PROB New problem definition

BLOC Body locations

BODY Define lumped body table

ELEM Line or cable element definitions

FLOW Flow-field library definitions

FLUI Fluid media definitions

INVE Modify component inventory

LIMI Limit set definitions

LINE Generate lines of nodes

LLOC Limit locations

MATE Material table definitions

NODE Node point definitions

SHIP Ship data definitions

STRU Strum string definitions

TENS Initial tension input

TFUN Time function library definitions

The oext sections present detailed instructions for inputting this
information to SEADYN, including expected units where applicable
(F force, L = length, T time).

20



6.1 Title Record Set

Any number of title records can be used to begin the data set. At
leas,- one is requireed. The last title record must be terminated with a
record L.ermir-ator (, or $). These record terminator characters cannot.
appear anywhere else in the title set.

Subsequent requirements for a title record sec (e.g., following a N!rW
flag) must beý limited to a single title record using the character string
delimitor s.

21



6.2 RESTART - Restart data record - Must immediately follow title records
when it is used.

Variable
Word Name Description

I TYPE Solution type being restarted (DEAD, LIVE, DYN, NEW).
(Job will abort if DEAD, LIVE or DYN is given and
does not match restart. data)

2 NTAPE File code number for the data file (1, 2, 3 or 4)

3 NFILE The number of the restart record to be read from the
data file. (Default is the last one written)

4 IRST Restart file flag. (Same function as in SAO data, see
Section 7.1.12 SAVE)

5 IDCHK Identification check flag

1 - Read the title record from the file and
compare the first 10 characters with the
10 characters given in CHKWRD (Word 15);
abort if they do not match

0 - No identification check is made

(The data words beyond this point are not used if Word (1) is NEW)

6 NIPR New value for number of steps between printing.
If this is >0 and not equal to the value given
previously, the output interval will be changed
by the ratio NIPR (new)/NIPR (old)

7 IBG New value for optional debug output flag

8 DTT New step size

9 TtIAX New maximum time (default is old one)

10 GAMNEW

11 BETNEW New integrator parameters (default is old values)

12 ALPNEW

13 DTOUT New output time interval
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Variable
Word Name Description

14 DTRSRT New restart save time interval

15 CHIXWRD Label check word (see Word 5), 10 characters

NOTES :

I. The data file referred to by NTAPE and the restart record referred
to by NFILE must have been created on a previous SAO using the SAVE
option.

2. TYPE (Word (1)) is used to signal the type of restart to be executed.
NEW means the data on the file describes the beginning point of a new
SAO set, and an SAO flag record is expected on the next input record. -

The DEAD, LIVE, and DYN types signal that the SAO data on the file is
the same as the SAO form indicated, and that the previous SAO is to be
continued using the indicated parameter changes. Subsequent SAO sets
can follow after the completion of the restarted SAO. A restart to con-
tinue a TSSS SAO should have TYPE "LIVE.".

23
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6.3 PROBLEM - New problem definition - Must immediately follow title
records wh'en• it. is used.

Variable
Word Name Descript ion

I NN Number of nodes in model

2 NE Number of line elements in model

3 IDIR Gravity direction code (see Note 1)

0 - no gravity loading
±1 - for X direction
±2 - for Y direction
±3 - for Z direction

4 JDYN Dynamic solution option flag

>0 - mass and acceleration storage will be
allocated

-l - no dynamics terms calculated and storage
truncated (DYN, MODE, FREQ not allowed)

5 IPRO Input print option flag

0 - echo all input data with interpretation
-1. suppress input echo
I - echo input plus print slopes and approximate

transit times for each element!L

6 INDRAG Drag modele override flag (see- Note 2)

O - use default d(rag model regardless of flags
on individual components

*0 - %iser-defined drag models will be used as
called for

7 GRAV Gravitational acceleration (LT-2)

Defaults to 32.17 ft/se(' if IDtR * 0 and GRAV
not given

8 NSFILE Ship load data file flag

0 - no data file
>0 - ship load data for /NSFIIE/ ships are

provided as rigid format. input in this run
'0- data file available with /NSFILE/ ships on it.
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NOTES:

I It is assumed that the global. axes are selected such that one of
them coincides with the direction of gravity. Thus, II)]R - -2 means that
gravity acts in the negative Y direction (i.e., +Y is up).

2. INDRAG can be used to select user-specified drag coefficients, since
it is passed to the DRAGCO subroutine whenever it is called. If it is
zero it overrides all other drag coefficient specifications and the pro-
gram will use the built-in or default values described in Appendix C.

25



6.4 BLOC - Lumped/rigid body loctiont specificaitions

Variable
Wo rd Name .)e s c r ip t. i onlt

1 LBODN (I) Body number (see BODY table)

2 IBEG Beginning node number for body location(s)

3 LEN)D Ending node nutnmber for body location(s)

4 LINC Node number increment

5 INMSET (J) Limit set number (same as in LLOC record)

NOTES:

1. Cylindrical buoys use the attached elements to define the orientation
of the cylindrical axis. The first two Connecting elements ,are used.
The slopes of these two elements will be averaged to get the orienttation
of the cylinder. If only onme element is connected to the body, it.s
direction will be used.

2. Mlooring buoys (rigid bodies) require a mininum of four nodes in their
definitioti. The buoy location must. be a two-node paily to give poxsiticon
an(d angle (six degrees,-of-freedou). *wo addiLioniil slave nodes gisI iL be
tied to the buoy. These two nodes are auntomauticitlly defined frorn th :i
first two nodes (in numerical order) slaved to the buoy location node.
Recall that slave nodes nteed not have lines attached to them. The
location node for a rigid body is the first of the two node pair (the
one that gives the position coordinates). When less than three lines
are attached to a mooring buoy, the roll motion aboutt the line between
the first two slave tnodes is assiumed to be fixed to avoid etju-it ion
singularity problems.

3. Input for Words (3) and (4) i% not required if only one body is
present.

4. No more than 10 lines can be connected to any body location with
limits imposed oti it with an 1,OC or BLOC data set.

5. The present version of SKADlYN does not allow rigid bodies (using
slave and angle nodes) in the time domain solutions (DYN).
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6.5 BODY - Define-s luI-ped body table (A catalog of bodies available to
the prob I em. See BLOC record to identify where the bodies aret used.)

Variable
Wo rd Name l)es c ript. i on

I I Body table number

2 IDRB (1) Drag coefficient number

0 - use default drag (see Appendix C).
;0 - use DRAGCO subroutine unless INDRAG 0

3 AI) (I) Body buoyancy (negative means weight) (F)

4 DBU (I) Body diameter (L)

5 BLEN (I) Body length (L)

0 - sphere or lump
>0 - in-line cylindrical body

6 BAMC (1) Added mass coefficient

(Default for sphere = 0.5, for cylinder 1 .0)

7 lIWNI) (M) Wind drag coefficivitt for surface huoy (I,-)

(CD A)s

8 BSCI) (I) Surface current drag coefficient (0.2)

(C ~A

9 BMOM (1) Mass moment of inert ia (FL!T2

1.0 HEDMB (I) Fluid medium in which ADM (1) is defined.
See FLUID record (Default 1).

NOTES:

1. Lumped bodies can be spherical or an in-line cylinder. These bodies
provide only loads/mass to the nodes where they are located. They do
not have stiffness terms, nor do they have wave-induced loads in the
FREQ subanalysis.

2. Bodies used as mooring buoys cannot be cylindrical. They are
treated as rigid bodies in static analyses and are assumed to be spherical
bodies with the water line at the equator in FREQ subanalyses (see Note 2
on BLOC record).

3. Environmental loads on the body are determined from the relative
velocity between the fluid and node, the dimensions and form of the
body, and the drag coefficients (default or user defined).
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6.06 AEMENT - L.ine or cable elci t. defiaitions

Va r i abIte

Word Name Ijcrp! ionl

I I Fi enlent n1uamber

2 IT (1, I) Node number for first end of elemenit

3 I] (2, 1) Node number for second end of element

4 Not used at present but the word position must be
accounted for.

5 MAT (I) Material number

6 KOMP (1) Type code

0 - element. can not. support compression
I - element can support compression

-1 - element is a catenary (see Note 4)

7 XSKP Generation code (see Note 1)

8 ISIGO Initial state flag (give on first element record
only; see Note 2)

0 - equilibrium initial state with valid stretched
lengths and tensions. Word (10) not. used.

I - compatible initial state defining unstretched
lengths with duimiy ten,%ions given in Word (9).

2 - guessed deformed staLe. tinstretcLied lengths
given in Word (10). D)unmy tensions given in
Word (9).

9 SIG (I) Initial tension (see Note 3)

1.0 iDSO (1) Unstretched length (requi red for cat.enory element,
see Note 4)

I1I MEDIUM (I) Fluid medium flag (the element is assumed to reillai'l
in the original medium at all times). See FLUID)
record (default is fluid 1).

NOTES:

I. Elements must be in ascending element number order, and the first and
last ones must be input. Any omitted elements will be generated tising
the KSKP value on the elemnentl card followitit the omitted eltlmetts,
Elements are iucrement.ed by 1; node noumbers are increment ed by KSKP. The
element p receding the Omi tte(Ite elementts is used to begili the iucreinments.
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For example: if element 1, defined by nodes 6 and 12, preceded the
omitted elements and KSKP = 4, then the next element generated would be
element 2 defined by nodes 10 and 16. The generated elements will be
assumed to have the same properties as given by the element previous to
the omitted ones.

2. The initial state flag (ISIGO) has three basic options:

ISIO = 0: The preloads are presumed to represent an equilibrium
state. The element lengths obtained from the nodal
positions are used with these preloads and the
constitutive relations to calculate the unstretched
lengths. DSO(I), Word (10), is not required.

ISIGO 1: The configuration represented by the nodal positions
is an unstretched compatible arrangement of cables.
The preloads (SIG(I)) are merely estimates. The
unstretched lengths are obtained from the nodal
positions.

ISIGO = 2: The configuration represented by the nodal positions
is a compatible estimate of the deformed configuration.
The values of the unstretched lengths are given on the
element records. Element loads are calculated from
the unstretched lengths, stretched lengths represented
by the nodal positions, and the material constitutive
relations.

3. When a string of elements lies along a catenary curve that has been
generated by a node generation record (LINE record), the initial tension
for each element can be )btained internally from the catenary generation
using the TENS record. The initial tension will be taken to be the
catenary tension half-way between the two nodes defining the element.
SIG (I)-is not input if the TENS record is used.

4. A catenary element is signaled by KOMP(I) < 0. The unstretched
length input is required in this case. The catenary element uses the
positions of the two nodes and the unstretched length to estimate stiff-
nesses and internal reactions. This is done by iteratively solving the
classical catenary equations with adjustments for line stretch. Only
the weight of the catenary is used in this iteration (current loading is
neglected). The lowest node on the element is assumed to be at a
bottom-limited condition. The line is assumed to lie on the bottom
rather than to sag when the line length is sufficient. Note that the
catenary line generation of the LINE record (Section 6.11) is a node
generator and has no function relative to defining catenary elements.
The unstretched length may be obtained from the LINE input data by
entering a minus times the catenary number from the LINE record (see
Note 4 of Section 6.11) for Word 10. Note: The present algorithm fails
when the top node of a catenary element is on the bottom.
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6.7 FLOW - Flow-field library definitions

Variable
Word Name Description

1 I Flow-field number (10 max)

2 IFLCOD (I) Flow-field code (see Note 1)

3 FLPAR (1, 1) Optional flow-field parameters (see Notes)

4 FLPAR (2, I)

12 FLPAR (10, 1)

NOTES:

1. Flow-field codes select a particular form of built-in function
or signal a call to the subroutine CURUSR. Positive field codes
refer to built-in functions, while negative codes refer to user
subroutines. A request for a built-in function beyond those currently
defined will cause an abort of the run. The parameters are used as
appropriate for the built-in functions, and they are provided in the
calling sequence to the user subroutines.

2. The user subroutine calling sequence is:
CALL CURUSR (T, N, NN, X, V, FLPAR (1, I))

where T = current time
N = ABS (IFLCOD (I))
NN = number of nodes
X = nodal position vector
V = nodal flow velocity vector

The nodal vector storage format is X (I, J) and V (I, J), where
I = 1, 2, 3 for X, Y, and Z components, respectively; and J = node number.

3. The only built-in flow field at present is:
IFLCOD

1 - uniform velocity field

FLPAR

1 -X component of flow velocity (LT2 - Y component of flow velocity (LT 1I)
3 - Z component of flow velocity (LT 1 )
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6 8 F1UID - Fluid media definitions (used only if IDIR • 0 on PROB record).
Must precede MATE and BODY records.

Vari able

Word Name Descript ion

1 FDEPTH (I) Coordinate at fluid surface

2 Property code

0- read properties fL-om Words (3) and (4)

-5 23
1 - 1.30 x 10 ft /scc, 64.0 lb/ft3 (seawater)

1.6 T -4 f 2 lbf 3

2 -1.68 x 14 ft/sec, 0.0765 ib/ft (air)

3 FVISC (I) Kinematic viscosity (L 2 T-)

-34 FGAM (I) Specific weight (FL-)

NOTES:

1. Provide one record for each fluid in ascending order. The first
fluid given is assumed to extend infinitely below its surface.

2. The FDEPTH for the highest tLuid need not be given. It is assumed
to extend infinitely above the previous fluid.

3. Pressure effects from the accumulated depths are ignored.

4. The pre,3ent version of the program only allows two fluids.

i1
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6.9 INVENTORY - Units conversion for component inventory (see Appendix D
for the inventory contents).

Variable
Word Name Description

1 FRCVY Conversion factor for weight-s and strengths
(Default = 1.0) -41

2 FLNVY Conversion factor for buoy diameters and lengths
(Default = 1.0)

3 FDIVY Conversion factor for line diameters (Default = 1.0)

4 I11VPNT Inventory Print Flag

0 - do not print inventory
1 - print all inventory entries

NOTES:

1. The value obtained from the .inventory is multiplied by the corresponding
factor to get. it into the units implied by the problem input data.

2. Inventory data will not be used if this record is not input.
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6.10 LIMIT - Limit set. definitions (used only if IDIR 0 0 on PROB record)

Variable

Word Name .esc ip tion

I LIMIT (1) Limit set number

2 CORDL?1 (I) Vertical coordinate of limit (L)

3 TOLIM (I) Limit tolerance (L)

4 RELFAC (I) Release factor (default. = 1.001)

5 JANCR (1) Fixity code

0 - buoyant limit (surface bound) with limit
imposed only on vertical component

I - weight limit (bottom bound) with limit
imposed only on vertical component

3 - weight limit with all three components held
when limit is imposed

NOTES:

1. Repeat records for as many limits as needed up to 50.

2. This data set defines a table of limit conditions. These are assigned
to specific nodes using LLOC, BLOC, or possibly LINE records (see Note 3
of LINE record).

3. RELFAC gives the ratio of the sum of the vertical components of the
line tensions to the external loads at the limited node that must be ex-
ceeded to release a limit in a transient (DYN) analysis. External loads
include weight/buoyancy of the lines, bodies at the node, and any current
dnd point loads. The release factor is always 1.0 in any static analysis.
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6.11 LINE - Generates lines of nodes

Variable
Word Name Description

I NUMN Number of nodes to be generated

2 NOLD Beginning reference node (lowest node on a catenary)

3 1 Ending reference node (highest node on a catenary)

4 KSKP Node numbering increment (default I)

5 NBC Boundary condition flag

0 - do not copy constraint codes. Set all
constraints to zero.

I - copy constraint codes from node NOLD
2 - copy constraint codes from node I

6 NFIRST Number of first generated node (default = NOLD + KSKP)

7 NCAT Generation code

0 - straight line
I - catenary with sag laid flat at limit

(default = vertical coordinate of NOLD)
2 - catenary with unc(,nstrained sag
3 - catenary as in I except no nodes placed

on bottom

8 GCATW Catenary weight per unit length (FL"I)

9 GCATH Catenary horizontal component. of tension (F)

10 LIMCAT Limit. set number for NCAT = 1 (see Word (1) of
LIMIT record) may be used in place of the LLOC
data for nodes generated on the bottom by the
NCAT = I option (see Note 3)

NOTES:

1. Both the beginning and ending nodes must have been previously defined
by NODE or LINE records. The beginning and ending nodes need have no num-
erical relation to the generated node nuabers; only the spatial relation
of the generated nodes is significant.

2. The value of KSKP can be positive or negative. Incrementing starts
from NFIRST.
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3. All generated nodes are evenly spaced on the generated straight,
line. Nodes generated on a catenary are placed to give uniform angle
change, except for NCAT = 1 with line on bottom. If sag below the
bottom is detected with NCAT=l, the tangent point is calculated. If the
distance between NOLD and the tangent point is greater than 0.75 times
the uniform spacing distance, a node is placed at the tangent point. If
the distance is greater than 1.50 times the uniform spacing distance,
NFIRST is placed half-way between the tangent and NOLD. The node at the
tangent is then NFIRST + KSKP, otherwise the tangent is NFIRST. The
remaining generated nodes are placed on a new uniform angle spacing from
the tangent point to the last node. All nodes placed on the bottom are
given the limit, set number LIMCAT. If LIMCAT is not given, the LLOC (or
BLOC) records should be used to set limits.

4. The catenary options provided here are simply for the purpose of
generating nodes. They have no direct function relative to the generation
of catenary line elements (see Section 6.6). Information needed to
calculate the unstretched length of a catenary element can be passed
through this node generation input. This is done by using NCAT = 3 and
following Note 4 of Section 6.6. This information pass-through can be
done even when no nodes are to be generated by setting NUMN = 0. This
particular situation arises when a single element leg is desired and the
horizontal component of pretension is known instead of the line length.
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6.12 LLOC - Limit location specification

Variable
Word Name Description

1 LIMSET Limit set number (see Word (1) on LIMIT record)

2 LBEG First node where limit is applied

3 LEND Last node where limit is applied

4 LINC Node number increment

NOTES:

1. The maximum number of limit locations is 50.

2. No more than 10 line elements can be connected to a limited node.

3. Generation of nodes on a catenary can cause generation of up to two
limited nodes per catenary. This situation is described in Note 3 of
the LINE record.

4. Body location data can also be used to locate node limits (see
BLOC record). A
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6.13 MATERIAL - Material table definitions

Va r ,' able
Word Name Description

1. 1 Material number

2 IDRG (1) Drag coefficient code

0 - use default drag coefficients (see
Appendix C)

* 0 and INDRAG * 0 - use DRAGCO subroutine

3 DIAN (I) Cable or line diameter (L). Used only for fluid
load computation.

4 G3 (]) WeiSyt per unit length (negative means buoyant)
(FL )

5 HED (I) Reference medium code. See FLUID record
(default is fluid 1).

6 CAMC (I) Added mass coefficient (default = 1.0)

7 TENULT (I) Ultimate tension capability (F) (see Note 3 for use)

8 Jie (I) Option flag for tension (T)/strain (r) properties

b
0 - use exponent form T = ab
n - n points in tabular form (maximum n is 20)

(see Notes I and 2)

9 TT (1, I) First tension in table or a (F)

10 STR (1, I) First strain in table or b

11 TTD (I) Damping parameter CA (FT) "see Note 4)

12 TTK (I) Damping parameter EA1 (F) (see Note 4)

13 TT (2, 1) Second tension in table (F)

14 STR (2, I) Second strain in table

(repeat pairs for all table points)
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NOTES :

1. When point input is used and data are required outside of the given
values, the slope of the last (first if only one) segment is assumed to
be continued.

2. Input must be in increasing tension order. Thus, materials with
compression stiffness must begin by listing the largest compressive load
first and progressing to the largest tensile load.

3. The ultimate tension input is used only by the frequency domain
dynamic solution. When TENULT (1) is greater than zero, the random esti-
mates for tensions will be factored and compared to the ultimate tension.

4. There are two material damping models provided:

KELVIN Model

EA is provided in the
tension/strain data

CAI is the dashpot coefficient

NOAA-REID Model CAI EA EA

F'A

EA is an additional stiffness parameter. Additional information
regarding the applicability and use of these models can be found in
Reference 13.
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6.14 NODE - Node point definitions

Variable

Word Name Description

I Node number

2 KSKP Node generation

3 XO (3*[-2) X

4 XO (3*I-) Y Global coordinates of node I (L for position,

dimensionless or degrees for angles)5 XO (3*1) Z '

6 NODFIX (3*I-2) X

7 NODFIX (3*1-I) Y Displacement constraint codes (see Note 2)

8 NODFIX (3*1) zj

9 DFLAG Angular coordinate flag -- "DEGREE" - means the
nodal coordinates of angle nodes are input in
degrees. Otherwise angles are in radians
(see Note 1).

NOTES:

I. Each node is assumed to require three components to describe its
position relative to a global right-handed cartesian system. Rigid
bodies requiring six degrees-of-freedom (ships and mooring buoys) use
two consecutive nodes. The first gives position and the second gives
angular coordinates. All angular computations are done in radians, and
angular output is in radians. Input of initial angular positions can be
either in radians or degrees as indicated by DFLAG. No equations are
available for rigid bodies in the time domain solutions (DYN).

2. Constraint codes define the active and constrained components of
movement,

0 - no constraint (free)
1 - no movement (fixed), subject to release by limit set conditions

-N - means the node is slaved to node N
2 - identifies a component reserved for payout that will be

unconstrained (free) when activated. (A flag of 1 remains in
effect on a node activated by payout.) Cannot be freed by a
limit condition.

3 - identifies a component that is fixed and cannot be freed by a
limit set condition.
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3. Slave nodes must be numbered last. This means the node numbers of
slave nodes must be larger than any of the active and master nodes. The
input routine counts the slave nodes and deducts that number from the
total nodes (Nh) to get the number of active nodes. Slave nodes need
not have lines connected to them. Slave nodes cannot be used in time
domain solutions (DYN). Master nodes are assumed to be a node pair
(see Note 1) since the slave nodes implies angular responses.

4. A node with any or all constraint codes set to 1, 2, or 3 is still
considered an active node even though it cannot move. It is assumed
that any of the constrained components can be modified by FREE, MOVE, or
PAYOUT. LIMIT checks will affect only components with a constraint code
of 1 or 0.

5. Input of nodes need not be in numerical order. Nodes can be entered
more than once, and the last entry will be the one used in the solution.
Omitted nodes can. be generated using a straight line with uniform spacing
with the aid of the KSKP parameter. If KSKP 1 0 on a node record, then that
node is designated as the last node on the line, and the one input preceding
it is designated as the first node on the line. Nodes are generated
evenly along the line between these two points with node numbers incre-
mented by KSKP from the first to the last node. The difference between
the node numbers at the ends of the line must be an integer multiple of
KSKP, and KSKP cannot be negative. The generated nodes will have the
same constraint codes as the first node on the line. More general node
generation schemes are available using LINE.

6. All of the NN nodes must be acccunted for in the combined specifica-
tions for nodes and generation schemes.

7. Slave nodes need not have elements connected to them. This allows
the investigation of the response of specific points on a ship at locations
other than the attachments of mooring and working lines.

8. All points of attachment of lines to rigid bodies, such as ships or mooring
buoys, must be slaved to the primary node defining the body. The program
imposes no limit to the number or relative locations of these attachments,
except that the frequency domain solution for mooring buoys uses the
first two attachments to define the local coordinate system for the
motion equations. These two attachments are also used for reference in
the CHEK option (see Note 2 on BLOC record).

9. The initial orientation of a ship relative to the global coordinate
system must be input. The angle required in this definition can be seen
in the following sketch. (The global axes are X, Y, Z and the local
ships axes are 1, 2, 3, representing aft, starboard, and up, respectively.)

x0
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6.15 SHIP Ship data definitions

Va ri abl e
Word Name pDes.s.L pt_ ioil

1 ISHIPl' (1) Node where ship is !ocated

2 LSIIP (1) Load function option

-1 search file for equivalent ship
0 - use aperlvtical load funct.ions

n>0- use n I ship from loading file

3 CPROP (I) Propeller resistance coefficient (default = 1.10)

jA

4 CR (1) Longitudinal resistance coefficient for hull to
be used only for analytical functions
(default = program calculates one, see Note 5)

5 Cs (I) 11ull wetted surface coefficient to be used
only for analytical functions (default -=. 2.70)

6 CNS Amidships coefficient to be used t-o calculate
CR for analytical functions (default 0.98)

7 Sur (I) Total length of ship (Q,)

8 SAE (1) End projected wind are. (1,2 )

91 SAS (1) Side projected wind area (1.)

10 SLWI, (I) Water-line length (L)

11 SBEAM (1) Beam at, midships (1.)

12 SDRFT (i) Draft at midships (L)

13 SI)SP (1) Volume displacement (IA)

14 APROP (I) Propeller projected area (12 )

15 FSFRW (I) Load table wind force conversion factor
(default = 1.0)

16 FSFRC (I) Load table current force conversion factor
(default = 1.0)

17 FSLEN (1) Load table length conversion factor
(default = 1.0)

18 FSVEL (1) Load table velocity conversion factor
(default 1.0))
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Va ria b I e
Word Nm.. l)elri tion

2?19 8i1IPK (1,1) l Heave restoring coefficient (default. 10

20 SiIPK (2,1) Roll restoring coeftficient. (defallt. .: 102

2221 SIHPK (3,1) Pitch restoring coefficient. (defauLt = 102)

22 SHIPK (4,1) lieave/pitch restoring coefficient (default 0)

23 WDEPTII (1) Water depth at ship location (default = 10 times
draft) (see Note 6)

NOTES:

1. Linearized ship restoring coefficients can be input if desired.
Otherwise the ship will be assumed fixed in heave, roll, and pitch
during static analyses. During frequency domain analyses, the restoring
matrix is obtained from the ship motion file.

2. Words (7) through (14) may be omitted if LSIIP (I) = n and the moored
ship is the same as on file n of the ship loading file (i .e., no similarity
scaling required).

3. The conversions factors, Words (15) through (18), multiply the values
of force, length, and Velocity from the ship loading file to get vawIues
consistent with the units implied by the rest of the input data.

4. The local coordinate systellm for ships asolalies the 1, 2, and J dircc-
tions are aft., starboard, and up, respectively. This is consis-tent witll
the loading conventions of Appendixes B, V, and G.

5. Whetn analytical loading functions are used, the longitudinal resistance
coefficient can be input or calculated using a table look tip. The total
coefficient, CR (I), consists of three parts:

C = residuary coefficientr

C = frictional resistance coefficient
f

ACf = fouling resistance coefficient

The value for Cf is always calculated in the program usinpg:

Cf 0.456 1700 5(Iof Re)2.58 R Re Re ' 1

(l~1 08 0 e

where R is Reynold's Number based on the longitudinal component of the
velocity; or

Cf 0.002 K < 5 x I05
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Mien CR (1) is input, it is Laken to be C + AM When it. is zero or pit)
i npnt is g;iv.''ll, thell (C is obtained from a table and AC i..; as;mt"In d to be•

6. The water depth is Lied ,&•.ily in the similari.t.y scaling f rom t abulav
ship load data (see Appendlix F).

12
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6.16 STRUM - Strum string definitions

Variable
Word Name Description

I ISTRNG (I) Number of elements in string (max 20)

2 KSTRNG (1, I) List of string elements

3 KSTRNG (2, 1) Must be listed in sequence from one end of the
string to the other. It does not matter which
end is listed first.

31 KSTRNS (30,1)

NOTES:

1. A string consists of adjacent (contiguous) elements to be considered
in estimating drag amplification factors for strumming analyses. An
element can be contained in more than one string. The drag amplification
factor for each element listed in a string is the largest value it has
in any string.

2. The maximum number of strings is 30. The maximum number of elements
per string is 20.

3. Drag amplification estimates are made on LIVE, DYN, and TSSS subanalyses
with nonzero relative fluid velocities whenever these strum strings are
defined. The procedure assumes that the strings are supported at each end
and an auxiliary vibration mode analysis is conducted on each string to
estimate its possible involvement with vortex shedding-induced strumming.
The general approach of Skop, Griffin and Remberg (Ref 14) is used. The
occurrence of the drag amplification estimates is controlled by the
changes in relative velocity and the CEPS parameter input on the SOLU
record (Section 7.1.14) associated with the SAO data set.
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6.17 TENSION- Initial tension input

Variable
Word Name Description

I LBEG Beginning element number

2 LEND Ending element number

3 LINC Element increment

4 ICODE Option code

0 - assigned initial tension, the value in

Word (5)
N - estimate initial tension trom the N th

catenary defined on the I,]NTE records
(see Note 2)

F SIG Tension to be assigned to eJements (F).

NOT S:

Cato.nary line tensions (LCODE = N) for the Nth catenary are Catcu]at-ed
1---r eachi e emeit. based Oj the position on the catenary at the midpoint of
rich int (see lINE rtecord and ELEMENT record. Note 3).

"2. The TENSION record must not, precede the LINE record which generates
the catenary this data record refers to.
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6.18 TFUNCTION - Time-function library definitions

Variable

Word Name Description

1 Time-function number (20 max)

2 ITFCOD (1) Time-function-type code (see Notes) I

3 TPARM (1, I) Optional time-function parameters

4 TPARl (2, I)

22 TPAR1 (20, I)

NOTES:

1. Time-function-type codes select a particular form of built-in function

or signal a call to the subroutine TFNUSR. Positive-function codes

refer to built-in functions, while negative codes refer to the user 4

subroutine. A request for a built-in function beyond those currently I

defined will cause an abort of the run. The parameters are used as _

appropriate for the built-in functions, and they are provided in the "1

calling sequence to the user subroutine.

2. The user subroutine calling sequence is:

CALL TFNUSR (T, F, N, TPARM (', T)) 4

where T current time
F = the returned value of the time function

N ABS (ITFCOD (M))

"(See Appendix H.)

I.
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3. The built-in functions presently available:

ITFCOD
TPARM INPUT

Ramp Build-up/Decay 1 2 3 4 5 6

F

T FT T2 F 0 0
1 1 2 2

I t

TT1' T
2

2 Shifted Sine

F A Sin (w (T-T)] + B

2r7
T

0
F

A/

.rS

A T0  T B 0 0

Remped Sine
F

4- +4 e

I " .I " I • '-I I' , / ',
I I i .*1- T 0 --• T

A T T, B T 0

4 Decayed Sine

A T0 T B R TE

- -- T,
IT, I I T4

I IV I , I47



ITFCOD

3 Tabular Input (max of 9 points plus end values)

1 F Function value for times less than T
0

2 T1  First time point

3 FI First time function value

4 T2 etc.

5 F2

18 T9

19 F9

20 F Function value for times greater than
last time

ITFCOD

4 Random File Input

TPARN

1 NOTAPES Number of excitations (5 max)

2 TTZERO Starting time on excitation tapes

3 SCAFACT (1) lMultip]lier

4 (2)

5 (3)

6 (4)

7 (5)

8 SHIPVEL (1) VelGcities of excitation points

9 (2)

10 (3)

11 (4)

12 (5)
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7.0 SUBANALYSIS OPTION (SAO) DATA

Each subanalysis is headed by an option flag record:

DEAD static analysis with gravity and point loads

LIVE static analysis with arbitrary combined loads

TSSS time-sequenced static solutions (approximate dynamic
analysis using LIVE that allows moved nodes, payout,
and other time-varying loads but neglects inertia
effects)

DYN transient nonlinear dynamic analysis (time domain)

FREQ frequency domain dynamic solution (response spectrum
analysis) for wave excitation

MODE determination of natural. frequencies and mode shapes
for current position

CHEK component adequacy checks

END run termination

NEW define new problem -- title card read next

An SAO flag record has the flag name as Word (1) with no other data
in the record. SAO data are grouped following the SAO flag to identify
solution characteristtics, loadtini,, boundary conditi oný;, and Outlput
requests. Appropriate default values are assumed whten no data are giwven.
Unless explicity stated, the data records have no requi red order, since
each data set is identified by a keyword.
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S7*1
7 1 DEAD, LIVE, TSSS, DYN Data Set

The data set description for DEAD, LIVE, TSSS, and DYN are given in
alphabetical order of the keyword:

Keyword

CURR flow-field specification

FIX applies temporary fixed condition, to nodes

FREE releases previously imposed fixity

IMPA impacting body input

INIT describes dynamic initial conditions

KEEP retains the data defined in the preceding SAO
for this SAO

LOAD specifies load conditions

LVAR specifies load variation codes

MOVE specifies displacement/velocity/acceleration at nodes

OUTP selects output data

PAYO defines payout/reel-in of lines

SAVE defines restart file save intervals

SBUO specifies solution option characteristics

SOLU solution option characteristics

STEP solution step size data 4
SURF surface current data

TIME time step data

WIND surface wind data

4
so!S!I
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7.1.1 CURRENT - Flow-field specification

Variable
Word Name Description

1 OPTION "CURR"1

2 NFLUID Flow-field number from library defined in
FLOW record (see Notes)

3 CURMUL Flow-field scale factor (multiplier for the
values obtained from the flow library;
default is 1.0)

4 NFLVRY Flow-field variation code

For LIVE SAO

1 - increase flow field incrementally
0 - hold flow field at full amplitude

-1 - decrease flow field incrementally

For DYN and TSSS SAO

0 - hold flow field amplitude constant
or use the time variation implied
by th hCURUSR subroutine

>0 - use n time variation function
from TFUN record

NOTES:

1. When NFLUID 0 0, the flow field will be evaluated each time the
fluid loads are calculated. The flow velocity obtained from the requested
flow field (see FLOW library, Section 6.7) will be multiplied by CURHUL
and the appropriate time variation code for DYN and TSSS. Note that for
LIVE subanalyses, the variation code multiplies the fluid loads instead
of the fluid velocity.

2. When NFLUID < 0, the flow field will be evaluated only once during
the SAO.
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7.1.2 FIX - Applies fixed conditions to nodes

Variable
Word Name Description

OPTION "FIX"

2 ICODE Constraint code (default. 1, see Note 2)

3 List of node component codes

CODE = NODE*1O+I

where I = 1, 2, or 3
for X. Y or Z direction, respectively

4 Maximum list length is 98 (use additional FIX
(etc.) records to get more)

NOTES:

1. FIX causes the selected code to be placed in the constraint code array
(NODFIX) for the indicated component. The component will remain fixed
until released by a FREE record or a predefined LIMIT record.

2. 'llowable constraint codes:

I - component. fixed unless limit condition overrides.
2 - component fixed and reserved for payout.. It will become frce

when activated by a payout mitosis* (see PAYO record,
Section 7.1.11). It cannot be released by a limit condition.

3 - component fixed and cannot be released by a limit condition.

3. The hOVE record will override any constraint code.

CAUTION: Do not FIX any components of a slave node.

*Mitosis refers to the halving of an element into two new separate
elements; the original element length is replaced by two elements
(see Reference I for further details).
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7.1.3 FREE R Removes fixed conditions for nodes

Variable
Word Name Description

I OPTION "FREE"

2 List of node component codes

CODE = NODE*lO÷I

where I = 1, 2 or 3
for X, Y, or Z direction, respectively

3 Maximum list length is 99 (use additional FREE
(etc.) records to get more).

NOTES:

1. FREE causes a 0 to be placed in the constraint code array (NODFIX)
for the indicated component. The component will remain free until reset
by a FIX record or a predefined LIMIT record.

CAUTION: Do not FREE any components of a slave node.
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7.1.4 IMPACT - Impacting body

Variable
Word Name Descript ion

I OPTION "IMPA"

2 IMPNOD Node where impact occurs I

3 IMPBOD Body number (see BODY data records)

4 VID (1) V

5 VIB (2) VtV Components of body velocity at impact

6 VIB (3)

7 IOPT Weight option

0 - floating body, no weight added, only
adds inertias (e.g., iceberg or snagged
vessel)

I - new lumped body added to the system
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7.1.5 INITIAL,- Describes dynamic initial condit ions

Variable
Word Name Description

1 OPTION "INIT"

2 Vi (1) VX

3 VI (2) V Components of nodal velocit.y

4 VI (3) V

5 NBEG Beginning node number

6 NEND Ending node nnnmber

7 NINC Node number increment

NOTES:

1. If Word (5) is zero or is not given, the velocity components are
assumed to be on all nodes in the system. In this case, the last. INIT
record encountered is the one used.

2. When Word (5) through Word (7) are not zero, the velocity components
are assigned to the individual nodes. Repeat the INIT records as many
times as needed to define all nodal velocities.

5
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7.1.6 KEEP - Ret.ains the data from the pCieeeding SAO

Variatble
Word Name )escript ion

I OPTION "KEEP"

NOTES:

1. This flag causes the data initialization to he bypassed, thereby
allowing the preceding SAO data to remain in effect. Only those data
to be changed need be entered.

2. KEEP iust be the first flag encountered in the SAO data set it it is
used.
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7.1.7 LOAD - Spec i Ies I lad condit it. to',

Var;,Dble

Word DecI~ o
OPT! ION "LOAD)"

ISET Load set numiber (3 max, defalt. = 1)

3 F' (ISET, I ) F
x

4P (F11SET, 1+) F Point load components (F or FL,)Y

5 FP (LSET, 1+2) F

6 NBEG Begin node number

N7 END End node number

A NINC Node moimer hint'remen t. Ide[auIL = 1)

NOTES:

I. Loads are assigned as members of cap to three Ioatd sets according to
LSET. The IVARY record I ile, is then used to identviiy Lilt, charact.(ristic s
of each load( set.

2. load comaponeents are placed in the point load array F-' fly load set
number and tiode iun'c bers. Wor d (6) Inust- .. Iw:iays hteg i Vell. the Sailt' ielads

(caln be applied to0 a sequenice of' nodes hy giving appropria te vailies for
Word (7) ald Word (8).

:3. .11 the node is used for the angulac pos it ion of a ti g Id body, the
lead is assiillied to bae ai oleinlit aiboiut the spoecitied axis (nllit s FL)
Otherwise the loads are point forces (unit.s ).
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7. 1 8 WVARY - Spec it f e I oad variat ion codes

Va I i ab I e
Word Name De S c I, i _it_.io 1

I OMTI ON "LVAR"

2 IILF (I) Variation code for load set I

3 IL+F (2) Variation code for load set 2

4 ILF (3) Variation code for load set 3

5 JDl,)l Gravity load variat ion rode for LIVE

subanalyses (see Note 2)

NOTES:

I. Variat ion Code:

For DEAD and LIVE

I - i ncrement the load set factor from 0 t-o 1 0 (apply load)
0 - hold the load set factor at 1 .0 (stcady load)

-i - ificteument the load su-t factor from 1.. to 0 (re'move load)

For DYN

0 - hold the tad set factor at1 1.0 (st eady load)
1 >0 Iuse the I"t. ime variat-ion funct ion from the TFUN record

..et to get the load set factor

2. The only ioads usetd ill a DEAD) SAO are the int-ernally calculated
gravity loads and point loads defined in LOAI) record data sets. Tho
gravity loads are assumed to have a +1 variation code in the DEAl) SAO.
The HIVE SAO assumes a variat ion code of 0 for gravity loads. When a
LIVE SAO has not been, preceded by a DEAl) SAO) it may be a dvatat: geot,- to
increment the gravity loads allonpg with the L,1VE loads. Setting JI)lI) to
+1 will accompliish this.
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7.1.9 MOVE - Specifies node point motion

Variable
Word Name Description

1 OPTION "MOVE"

2 INOD Node number to bte moved

3 MC (1) X motion code

4 MVC (1) X motion variation code

5 AMP (1) X motion amplitude

6 MC (2) Y motion code

7 MVC (2) Y motion variation code

8 AMP (2) Y motion amplitude

9 MC (3) Z motion code

10 MVC (3) Z motion variacion code

11 AMP (3) Z motion amplitude

NOTES:

1. !<., on codes:

0 - no motion specified (see Note 4)

1 - displacement
2 - velocity (DYN and TSSS only)

3 - acceleration (DYN and TSSS only)

2. Notion variation codes:

For DEAD and LIVE

1 - increment motion factor from 0 to 1.0 (apply deflection)

0 - hold the motion factor at 1.0 (hold deflected position)

The motion factor is the multiplier of the motion amplitude for the

increment level (load factor) at the current step.

For DYN and TSSS

0 - hold th, •tion factor at 1.0

>0 - use the I time variation function from the TFUN record

set to get the motion factor
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3. The motion amplitude will be an angvlar displaccment. velocity, or
acceleration on nodes used to define angular motion of rigid bodies.

4. DYN and TSSS require all three motion components at. a node to be
defined. Individual components can be defined in DEAD ant LIVE. A zero

motion variation code in DYN and TSSS means a fixed component that
remains at its initial position.

5. The maximum ni,mber of components (X, Y, Z) of imposed displacements
in DEAD, LIVE, and MODE is 30. The maximmn number of moved nodes in DYN
and ISSS is 5.

6. The constraint code array (NODFIX) entry is superseded by a MOVE i
in3trtction. ihe constraint code is restored at the completion of the
SAO.
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7.1.10 OUTPUT - Specifies output data

Variable
Word Name Description

OPTION "OUTP"

2 NIPR Number of solution steps between output prints

3 DTOUT Output time interval (T) (DYN and TSSS only)

0- t'or '

Output angle interval (degrees) (LIVE with
heading change)

4 IBG Debug output parameters (see Appendix 1)

5 IFXOUT Output current list of node component fixity
codes if this is nonzero.

NOTES:

1. NIPR is used to calculate the output interval on DEAD and LIVE by
multiplying the first step size by NIPR. The output interval remains
the same even though the step size is changed unless NIPR = 1. When
NIPR = 1, the output is at every step, regardless uf step size.

2. DYN ;.nd TSSS can use NIPR or DTOUT to determine the output interval.
If both are given, DTOUT has precedence.

3. Output is given at the beginning and end of each subanalysis.
Output is also given when the load or time parameter exceeds the value
of the parameter at the last output plus the output interval. Extra
output records can be produced when a restart save request does not
correspond with an output interval (see SAVE record).

4. Output. for LIVE SAO with heading changes will occur at angle intervals
selected by DTOU1T. If DTOIIT is not given, the results will be output at
every angle calculated. NIPR has no effect on heading change output.
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7.1.11 PAYOUT - Payout/reel-in data

Variable
Word Name Description

1 OPTION "PAYO"

2 JOP (1) Initial node where payout/reel-in occurs

3 JPELT (1) Initial element number for payout

-i
4 PAYV (I) Payout rate (LT )

+ for payout
- for reel-in

5 ANAXL (I) Mitosis length (see Notes) (L)

6 NGROW (1) Number of elements available for growth

7 NSHRINK (I) Number of elements available for reel-in

8 NELPOI (1) Element number increment (default = 1)

9 NPOVRY (I) Number of time variation function

0 - consta1 t rate
n>O - use n function defined in TFUN

record

NOTES:

1. Payout/reel-in is approximated by incrementally changing the un-
strained element length. When the ujistrained length exceeds AMAXL (I)
plus a reference length during payout and NGROW (I) > 0, then a mitosis
operation will be performed. The payout element will be divided into
two elements. The original payout node will be assigned to the division
point, znd the new node introduced in the new element will become the
payout node. The new element is obtained by adding NELPOI (I) and JPELT (1).
During reel-in the reverse process will occur when the unstrained length
is less than APAXL (I) and NSHRINK (I) > 0. In this case the new element
is identified by subtracting NELPO] (I) from JPELT (1). AMAXL (I) = 0.0
causes the tiitosis check to be ignored. The reference length for payout
mitosis is one of the following:

A - The initial urstcetched length of the payout element (JPELT (I))
if the next element to be activated has a different material
number or if this is the first mitosis for that payout end.

B - ANAXL (I) for all other situations.
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2. The elements available for payout are inactive until a mitosis acti-
vates them by assigning a length to them. These elements must be included
in the total number of elements, and their nodes, material, etc., must be
defined in the usual manner. The nodes for these inactive elements must
also be defined in the usual manner with their coordinates defined to be
the same as the initial position of the payout node (causes the element
length to be zero). These nodes must be given constraint codes for all
degrees-of-freedom. The appropriate codes are:

I - if the component is to remain fixed and subject to limit checks
(if any) after mitosis

2 - if the component is to be free after mitosis but possibly
subject to subsequent limit checks

3 - if the component is to remain fixed and not subject to limit
checks after mitosis

3. The elements available for reel-in must be active portions of the
structure and sequentially connected to the reel-in point (no branches).
The nodal constraint codes on the reel-in node will be assigned to the
new reel-in node, and the deactivated nodes will be appropriately con-
strained automatically.

4. Payout/reel-in can occur only at fixed nodes or nodes defined in
HOVE data sets. In either case, the displacements of all three components
must be defined.
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7.1.12 SAVE - Defines restart tile save intervals

Variable
Word Name Description

OPTION "SAVE"

2 IRST Restart file flag

0 - do not save records th
-n - rewind file and save every n output

record

n_•l - efjend present file and save every
n output record

3 DTRSRT Restart save time interval (T) (DYN and TSSS
SAO only)

4 NIXPRN Output suppress flag (see Note 3)

NOTES:

1. Restart files are:

01 DEAD
02 - LIVE (TSSS)
03 - DYN

2. When DTRSRT is given for DYN or TSSS, IRST is used only to signal
file rewinds. The restart data is then written when the current time is
greater than or equal to the time of the last save plus the save time
interval.

3. If the step/time on the SAVE record does not coincide with the OUTPUT
record request, then an extra output record will be produced unless

NIXPRN • 0.

64

64 •



7.1.13 SBUOY Specifies vertical motion for a body on the surface

Variable
Word Name Description

1 OPTION "SBUO"II

2 NODSUR Node where body is located

3 NMOTN (I) Motion code

1 - displacement
2 - velocity
3 - acceleration

4 IBS (1) Time function number (see TFUN record,
Section 6.18)

5 SBAMP (I) Surface motion amplitude

NOTES:

1. The motion indicated by these parameters will be imposed on the
vertical component whenever the body is held to a limit. This means the
body node must appear on the LLOC record. When the limit restraint is
exceeded, the body is released from the motion and the limit condition.
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7.1.14 SOIUTION - Specifies solution option characteristics

Varijable
Wo rd Name Descr ipt ion

OPTION "SOLU"

2 SOPTN Solution method:

MNR (default for DEAD, LIVE, TSSS, FREQ)
SLI
RFBVRS 'I
VRRI static only

DIM (default for DYN) dynamic only

3 DM1 Numerical damping factor (see Note 1)

4 RERR Residual norm error bound (default = 0.001)
(see Note 2)

5 DERR Displacement and pseudo-velocity norm error
bound (default = 0.001) (see Note 2)

6 DALPHA Proportional damping multiplier of mass matrix

(DYN)

or

Alpha integration parameter (VR solutions -

default z 1.0)

or

Ship angle damping for HNR

7 DBETA Proportional damping multiplier of stiffitess
matrix (DYN)

or

Initial pseudo-Lime step (VR solutions -

default = 1 .0)

or

Buoy angle damping for MNR

8 SRCIIFC ID search factor for MNR method

=0.0 - no ID search of alternating estimates
<0.0 - no alternating estimate checks
>0.0 - the ID search initial guess factor

(see Note 4)
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Variable .i
Word Name Description

9 PARMT HNR method extrapolation parameter (default
0.5) (see Note 5)

10 CEPS Strum update parameter (default = 0.0001)

0.0 - no drag amplifications for this SAO
<0.0 - calculate drag amplifications only 4

once per SAO
>0.0 - calculate drag amplification at the

beginning of this SAO, and each time
the relative velocity norm changes
more titan CEPS (see Note 6).

11 N1P Update option flag (let default)

12 JMPDT Step-size control number (default = 2)

13 LMITER Iteration limit (default = 200)

14 KONVRT Number of trials before divergence abort
(default = 3)

15 NRUP Newton-Raphson update interval. Used on MNR
method to signal how often to recalculate
the tangent stiffness matrix, K This is
a packed word:

* Units and tens digits give number of steps
before new KT.

*Hundreds and above digits give the number
of alternating sign trials on a given Al
step before new KT (defaault = 205, i.e.,
two alternating tries and five steps)

NOTES:

1. The numerical damping factor, DM11, is used to avoid problems with
singular or ill-conditioned stiffness matrices. It has no influence on
the DIM method. It should he used with caution with the SLI and RFB
methods since it alters the stiffness matrix, hence the equilibrium
equations, in these two cases. Possible values are:

DMU > 1.0 very heavy
1.0 _- I)MU . 0.1 heavy
0.1 > DMU > 0.01 moderate
0.01 > DM1 > 0.001 light
0.001 . DMU very light 'I
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If DMli < 10 and a singularity is encountered, then DM1) is set to 0.001,
and the step is tried again. On a repeated singularity, DMU is increased
to 0.1, and the step is tried once more. It the singularity persists,
the calculation is aborted.

2. The error bounds are used to test. for convergence of the iterations.
RERR is used only in the MNR and VRR methods. DERR is used in NINR, VRR,
VRS and DIM methods.

The convergence criteria are:

RNORM < /RERR/
DNORM < /DERR/

where RNORM and DNORM represent norms of the nodal force residual and

displacement increments, respectively. Both of these inequaliLies must
be satisfied for convergence of the MNR iterations, while only the dis-
placements are checked in the DIM method. The VRR solution checks the
residual (RERR) as well as displacements and velocities (DERR). The
residual is not used in th~e VRS solution.

Some flexibility in the form of these norms is available. If the
value of RERR is greater than zero, then:

N /N)1/2

RNORN I~ R./N/T
i 1I max

th

where: R. z the i component of the nodal residual
1

N = the total number of nodal degrees-of-freedom

T
max = the maximum element tension

If the value of RERR is negative, then:(1 )/2

RNORM = )

where: 6 the total number of nodal components including 8he fixed
nodes; i.e., the reactions are included in the denominator
(MNR method only).

If the value of DERR is greater than zero onl static analyses, then:

/2/
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where: A(Aqi) the i component Of the change in the displacementn
1 increment..

If DERR is negative on static analyses (except VR methods), then:( N 1/2
N ~ q 2

S A(Aqi)-•

In the DYN subanalysis, the norm selection is the opposite of that.
selection used in static analyses. See the discussion of norms in
Reference 8.

3. The terms DALPHA and DBETA can be used to specify internal damping
proportional to the mass and/or stiffness matrix. The assumed form of
the d-amping matrix is: -

IC] = [M) + A [K

This procedure can be used in DYN subanalysis. 'I

4. The ID search factor, SRCIFC, can be used with the MNR method in anr
attempt to enhance a poor initial configuration. See the discussion of
the MNR method in Reference 8.

5. PARMT is an extrapolation parameter used in the incremental MNR method.
The starting estimate for the displacement on all but. the first step is
the accumulated displacements from the previous step plus PARMT LimesI
the change in displacement calculated from the preceding step.

6. When strum strings are defined in the STRUM record (Section 6.16)
and CEPS is not zero for LIVE, l)YN or TSSS SAO's, drag amplification
factors will be computed for the strings. This computation will be done
at the beginning of the subanalysis and whenever the relative velocity
between the fluid and cable elements changes significantly. A significant
change is indicated by:

JVNORM - VNORMiR
_ CEPS

N V(I U(I)12 1/2

where VNOR = N)

R = time when drag amplifications were last calculated I
i = present, time:•

VF = fluid velocity components at each node
UI) = nodal velocity components (DYN only)
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7. 1.15 STEP - Solution step-size data (static soluitions)

V a r i a 1)-1 V
Word Name Deseript i on

I OPT I ON "STEi" *1
2 JiSTEPHR Number of sitep% for l oad Increment-i ug

(default = 1)

3 NSTUP Start up option -i

n>0 - divide first step into ii substeps
in] an arithnuetic progression

4 IIEDINC Surface load heading increment- (degrees)

S3 IIEDEND Surface load total heading change (degree) -1

NOTES:

1. JSTEPR indicates the tiinhmt•er of load/movement steps request.ed.
During this phase of the SAO, the load and movement magniit udes are varied. -,
When IIEDINC is not zero, a sequence of static configurations will be
generated following the convergence or completion of the magnitude
incrementing. This additional loading sequence moves the surface wind t
and current headings through the excursion defined by HEDEND and the
heading variation codes.

2. See Note 9 of Section 6,14 (NODE record) for global heading conventions,ils

3. See Sect i on 7.1 .16 (SURF record) a nd S ctiou 7. 1.18 (WINI) record)
for i ii ial headings and variation codes.

-7
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7. I 16 SURFACE - Surface ccurrent data

Va ri ab lI'
Word Name Desrip ltion!!

I OPIjON "SURF" I
2 CURNT SuIrface current velocity (I, )

3 CAl) lIitial current heading (degrees) TI

4 KODEC (1) Variation code for fixed heading (load varies)

5 KODEC (2) Variation code for variable heading (load
cons tant)

NOTES: •

I. See Note 9 for Section 6.14 (NODE record) for global heading conventtion.

2. See Section 7.1.15 (STEP record).

3. Variation codes:

0 - hold constant at value given
"-1 - increment down (not for heading variation)

I - increment tip

4. Ship:; and buoys located at the surface I ieiit- the use this of these

data and the auxiliary loading data to calculate static loads. Ships
will obtain loading coeffici~ents from a data file or buIlt -inl functions
(see SHIP record, Section 6.15, and Appendixes B, F, and G). Buoys will I
use the BWND and BSCD parameters (see BODY record, Section 6.5). If the
buoy is pulled away f rom the limit , it s loads wi ll be cal cul at ed f rom
the CURR record (Section 7.1.1) defined flow field and the body drag
functions (built-in or user defined). See Word (2) on BODY record,
Section 6.5.
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'.1 1 17 TIM.E - Time step dat.a,

Variable
Word Name Desc ript 02!i

1 OPTION "TIME"

2 DT Time step

3 THAX Final time

4 T Initial time (defaults to 0)

5 DTU Update 'ime (defaults to DT); always let
default for D)IM solutions

6 ALPNEW a integration parameter (default = 0)

7 BETNEW O integration parameter (default = 1/12)

8 GAlNEW y integration parameter (default = 1/2)

NOTES:

1. If DT • 0.0, the time step will be internally estimated. It DT= -A,
then the estimated value will be multiplied by A. If DTU = -B, then DTU
is set. to B times the DT estimate.

2. The integration paraneters are those of the generalized Newmark
difference equations (Ref 4).

3. A nonzero initial time can be used for TSSS or DLN SAO to adjust to
time in the TFUN records.
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7.1.18 WTND - Surface wind data

Variable

Word _Nme Description

I OPTION "WIND"

WIND Wind velocity (LT-)

3 WAD Initial wind heading (degrees)

4 KODEW (1) Variation code for iixed heading (load varies)

5 KODEW (2) Variation code for variable heading (load
constant)

NOTES:

1. See Note 9 of Section 6.14 (NODE record) for global heading convention.

2. See Section 7.1.15 (STEP record)

3. Variation codes:

0 - hold constant at value given

-1 - increment down (not for heading variation)

1 - increment up
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7.2 NODE - M4ode shape calculationr

The calculation of natural frequencies and mode shapes has only

four optional data records: !4SOL, FIX, FREE and MOVE. The FIX, FREE,

and MOVE records are the same as for DEAD, LIVE, TSSS, FRF.Q, and DYN.

They allow imoosition or release of conztraints prior to mode calculations.

HfSOL selects solution options. An MSOL record is not needed if the

defaults are acceptable.

4-
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7.2.1 MSOI - Specifies solution format parameters

Vaiiable
Word Name Description

I OPTION "MSOL" V

2 MODEI1 Mode shape order flag

0 - list mode shapes in order of increasing
frequency

- list in order calculated

3 MODE12 Mode shape output flag

0 - print all mode shapes
n - print n mode shapes

-n - print n mode shapes and write them on
logical unit 20
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7.2.2 FIX - Applies fixed conditions to nodes

This record is identical to FIX in Section 7.1.2.
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7.2.3 FREE - Removes fixed conditions for nodes

This record is identical to FREE in Section 7.1.3.
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7.2.4 MOVE - Specifies node point motion

This record is identical to MOVE in Section 7.1.9.
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7.3 FREQ - Response spectrum calculation

The frequency domain subanalysis data set is composed of three
levels of data following the FREQ flag record. The first level describes
the setup of the implied LIVE solution for drift force updates. The
second level specifies the setup of the frequency domain solution. The
third level gives the data to be processed for each wave heading considered.

The characteristics of the implied LIVE step to provide drift force
updates can be specified by the appropriate records:

OUTP

SAVE See Section 7.1

SOLU

STEP

These must appear between the FREQ keyword and any of the FREQ setup cards.

The data records for the FREQ solution setup are:

FSOL - selects frequency domain options

SPECTRUM - specifies spectral characteristics (required)

EXTERNAL - ship motion file conversion factors

RESULTS - optional output requests

Each of these is optional except for SPEC, and can be given in any
sequence in advance of the first HEAD record.

The data records for Lhe wave headings are grouped by HEAD flag
records. The HEAD record sets contain one or more RAND or REGU record
sets.
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7.3.1 FSOL -Specifies frequency domain options

Var able
Word Name Descripion

I OPTION "FSOL"1

2 IDRITR Drift force iteration flag (see Note 1)

i

0 -no drift force iterations
I - perform drift forces iterations to!

convergence
-1 - do a single drift force update with no

repeat of frequency solution
±+2 - same as ±1 except use only surge force

(for single-point moorings)

3 IFRQUP Iteration option flag for drift force updates

0 - start from original static reference
I - start from last configuration found

4 ICNCHF Component check file flag •.

0- save response file 04 for use by CHEKI

record (see Note 2)

5 ICONMS Mass matrix format

0 - lumped mass ii
I - consistent mass

6 IROLIT Roll damping iteration flag

0 - do not iterate

n - iterate no more than n times to estimate
ship's roll damping

7 ALPHA Proportional damping multiplier of mass matrix

8 BETA Proportional damping multiplier of stiffness
matrix

NOTES:

1. If the static reference stat.e is to he modified for the effects of
wave drift forces, then the accumulated drift forces for a pass through
the wave spectru:n must le statically applied. A sitigle update simply
assumes the dynamic solution is unchanged by the new st at~ic reference
state. The iterative solution repeats the frequency pass until negligibie
changes in posit ion due to drift forces are cal(ulated. Ihis convergence
i% checked using the following mea-sure:
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DN ( X 2IN)

/DN' - DN/ _ DER

DN

where: X = nodal point coordinates

N = total number of coordinates (3 times the number of active
nodes)

DERR = displacement error tolerance (see SOLU record, Section 7.1.14)

The prime indicates the next. value of DN.

2. Dynamic data for the CIIEK record must be passed on file 04 or the
CHEK results will include only the static reference state.

3. Roil iterations at each frequency seek to converge on a roll angle
estimate by adjusting the roll damping. Convergence is assumed if a
change of less than I degree is found on two successive cycles or when
the number of cycles equal IROLIT.

4. Internal damping proportional to the mass and/or stiffness matrix is
used when ALPHA and/or BETA are non-zero. The form is:

Jl = a IM] + J KJ
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7.3.2 SPECTRUM -Specifies spectral characteristics

Vari able
Wo rd Name Description

OPTION "SPEC"

2 -42 SPECA A coefficient (L T')

-4
3 SPECB B coefficient (T")

I DONG Aw, frequency increment (T ) Pl.

5 OMGMN toin' lower bound on frequency (T -)

6 OMGOX W tna i tipper bound on frequency (T

7 ANPMN Cut-off amplitude for waves (L)
(default 0.0001, see Note 2)

NOTES:

I. The wave spectrum is assumed to have the form:

S(w) = A/w 5 e

where S(w) is based on twice the square of the wave height. Any spectrum
having this general form can be input. Values for common spectra are:

SPECTRUM A B
4 4 •

Pierson-Moskowitz 135.0 9.7 x 10 /Vk 4
400/r4 •

Bretschneider 4200 Ii 2 /T s4• ,-i4 60/s4 4

4 4
I.S.S.C. 2760 it 2?/T 690/T

where Vk = wind speed (knots) 1 4

1i = significant wave height (ft)
ST s= s ignificant wave pvriod (sec)

w circular frequency (radians/sec)

S(w) = spectral ordinate (ftt-sec)

2. Regular wave responses are calculated for waves with frequencies be-
tweell W . and 1 , which have wave amplitudes (based on t he specLItrtit)
greaterm'16n AMPN. Increment ing will not proceed beyond to regard .. ss
of the wave amp I i tkide n
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7.3.3 EXTERNAL - Specifies external ship motion file conversion factors

Variable

Word Name Description

I OPTI ON "EXTE"

2 FRCFAC Force conversion factor

3 FACLEN Length conversioni factor

4 TINFAC Time conversion factor

5 NFILEF File format code (default 0)

I - NSRDC ship motion file
0 - NCEL ship motion file

NOTES:

1. The converion factors are used as multipliers of the data on the
external coefficient file (ship motion file). Each of them has a default
value of 1.0.

2. The file formats are described in Appeý-ndix A.
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7.3.4 RESULTS - Specifies optional outpult requests

Variable
Word Name Description

I OPTI ON "RESU"

IUNRE.S Unrestrained buoy and ship motion outputs

0- no
1 - yes

3 IBGF Debug output flag (see Appendix I)

NOTE.S: 4

1. The IBGF flag produces extra output for the frequency response I
soLution only. The IAG flag (Section 7.] .10, OUTPUT record) will I
produce extra output only for the implied 1VE solutiLonl used for dri ft
force updates. _
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1.3.5 HEADING Wave heading record

Variable
Word Name DescripLionl

1 OPTION "HEAl)"

2 GlIE]) Wave heading in global system (dtegrecS)

NOTES:

1. REAl) data sets consist of the record followed by a series of records
of RAND and/or REGU response requests. Each HEAD data set can be terminated
by a DONE record, another REAl) record, or" a valid SAO flag.
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7.3.6 RANDOM - Random response data requests

Variable
Word Name Description

1 OPTION "RAND"

This flag record is followed by a string of records having the
following form:

Variable
Word Name Description

1 VTYPE "NODE", "SHIP", "TENS", "DONE" (see Notes)

2 NUMC Node or element number

3 NDRT If VTYPE = "NODE" gives the global component
direction

I X
2 =Y
3=Z

4 SFSTAT Static load factor ("TENS" only)

5 SF3 (1/3) load factor ("TENS" only)

6 SF10 (1/10) load factor ("TENS" only)

7 ST100 (1/100) load factor ("TENS" only)

NOTES:

1. The spectral response of the ship, element tensions, and any of the
nodal displacement components can be calculated. VTYPE signals the one
that is desired. Any number of these cards can be provided. The input
is terminated by a card with VTYPE = "DONE". Termination can also be
accomplished with a REGU, HEAD, or any valid SAO flag. The response
data calculated represent the average of the 1/3, 1/10, 1/100 highest
responses.

2. VTYPE = "SHIP" requires no other entries on the card.

3. VTYPE = "TENS" requires the specification of the element number in
NUMC. If values are given for SFSTAT through SF100 and if the element
material has the ultimate tension specified, then estimates of the
factored maximum loads will be printed.
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4. VTYPE "NODE" requires the specification of the node number in N1MC
and the component direction in NDRT.

5. A TENS record must be included for each element that will be involved
in a subsequent. component adequacy check. For example, if a check of an
anchor capacity is to be made including dynamic effects, every element
that connects to the anchor (or fixed node where the anchor is) must. be
called out on a TENS record.
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7.3.7 REGULAR - Regular response data requests

Variable

Word Name DeScription

1 OPTION "REGI"

This flag record is followed by a string of records having the
following form:

Variable
Word Name DescripLtion

1 NODE Node for which response is requested.

2 LOCAL 0 - produces output in global system
1 - produces output in ship's local system

3 WRFQ Circular frequency of response (T )

4 WAMP Wave amplitude for response (L) (default = 1.0)

5 IOCODE 0 - output is displacements
I - output is position

6 NIIM Number of divisions per cycle (defakiLt 30)

NOTES:

1. These records will generate the displacement. or position versus time
for all three nodal components through one cycle of motit'.

2. The local coordinate system will not be used if position output is
requested.

3. There is no limit to the number of requests that czn be made.

4. A DONE, RAND, HEAD or any valid SAO flag record will terminate this
option.
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7.3.8 DONE- Optional terminator flag

Variable

Done Name Description

I OPTION "DONE"

NOTES:

1. Can be used to terminate REGU and RAND record strings and HEAD data
sets. Optional terminations are taken from the flag records if a DONE
record is not given. Acceptable terminators are RAND, REGU, HEAD, or any
of the SAO record flags.
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7.4.1 CONF - Wave heading configuration

Ilse only if previous SAO is FREQ with more than one wave heading.

Variable
Word Name Description

Type "CONF1"

2 -Wave heading set number from previous FREQ.
(default 1)

NOTES:

1. These data are required to get solution data for wave headings other
than the first one given in the foregoing FREQ solution (see Section 7.3).
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1.4.2 ANCH- BUOY,.LINE Component requests

Variable
Word Name DescripLion

I CTYPE "ANCH", "BUOY", "LINE", "DONE"

2 NELD Node or element number

3 ICODE Component code

4 JCODE Bottom factor code

5 CAPY Component capacity
(default = use inventory with SAFAC)

6 CMPID Component Identifier for Inventory

Anchor weight
Chain size
Line diameter

Buoy O.D.

(input in inventory units)

7 SAFAC Safety factor (default = 1.0)

NOTES:

1. CTYPE identifies the type of component to be checked. Only anchors,
buoys, or lines are allowed. Any number of cards can be given. Input
is terminated by CTYPE = "DONE".

2. Negative ICODE with CTYPE = ANCH means the vertical load will be
used in the capacity check.

3. The CHEK SAO can be initiated following any other subanalysis. If
the previous one was not FREQ, the present state is evaluated. It it
was FREQ and the dynamic response file was generated, the dynamic tensions
will be included in the check for those elements of the file. (See Note
2 of Section 7.3.1, FSOL record)

4. If CTYPE is "ANCH" or "BUOY", then NELD is the node where the anclor
or buoy is located. Anchor checks can be made for fixed nodes as well
as for active nodes where limits have been defined.

5. No more than tea lines can be attached to any anchor or buoy at an
active node with limits (see Note 3, Section 6.12, LLOC record). Anchor checks-
at fixed nodes allow tip to twenty lines to be attached to the fixed node,
which has no limit conditions specified.
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6. Component codes:

ANCHORS

I. Navy standard st.ockless with stabilizers
2. NAVSIII!S lightweight
3. NAVFAC STA'rO
4. Imbedmont (no inventory)
5. Stock (Admiralty) (no inventory)
6. Miushroom (no inventory)

BUOYS

I. Bar riser chain
2. Spherical or other (no inventory)

LINES

0. Chain
1. Samson 2-in-I braided nylon
2. Samson 2-in-l® power braid
3. Samson 2-in-I stAble braid
4. Samson Blue Streak
5. Other (no inventory)

7. Bottom factor codes for anchors:

1. Compacted sand
2. Stiff dense clay
3. Sticky clay of medium density (cohesive)
4. Soft mud (fluid), loose coarse sand, gravel
5. Hard bottom (rock, shale, boulders)

8. Contents of the inventory are presented in Appendix D.
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7.5 END, NEW Problem termination

The END flag record signals tle completion of the SAO sequence with -2h

no more data to be read. The run is terminated.
The NEW flag record signals the completion of the SAO sequence.

The next. data record is a title card to begin a new problem. Thii.s title --1
card must use the character string delimitors, and only oae title rccord 41

is allowed.

-.TI

-4
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8.0 EXAPILE PROBLEMS

This section contains four example p roblenm- and the descripLtioi ot
-omle optional approaches to solving them. Although not exhaustive,
these problems demonstrate many of the features of SEADYN. The models
have purposely been kept small and geometerically simple to make them
convenient to handle. The user should be aware that SEADYN is capable
of modeling much more complicated geometries.

8.1 Towed Body Ea e E

A spherical body towed at the end of a 280-foot line will be used to
demonstrate various methods for starting the problem, the effects of grid a
coarseness, and changing a quasi-static solution to a dynamic solution.
The pertinent problem data are:

Tow Cable Data

Unstretched length .............. 280 ft. = 3,360 in. A

Drag diameter .... ........... .. 0.35 in.

Cable weight (in seawater) ..... 0.169 lb/ft = 0.014 lb/in. i:4

EA ....... ................. ... 1.92 x 105 lb

Normal drag coefficient, CN .... 1,5 + 4.0 (R )-A/2
N e

Tangential Drag Coefficient, C. , 0.2 C

r 'N

Lody Data ]
Weight (in seawater) ..... ....... 580.9 lb

Fffective diameter ............. 1.0 ft = 12 in.

The first part of the problem is to determine the position of the
cable and body when to-:,xd in a straight line at a constant velocity of
10.5 knots. A convenient model for this is to assume the tow point is
fixed and the system is subjected to a uniform current equal to the tow
speed. This allows Lhe static solution form to be used,

Although the general shape of the system at the tow speed can be
guessed, the exact positions of the nodes and the tensions in the variouis
portions of the cable are not easy to compute. Three approaches to
calculating the steady-state towing shape are outlined. :
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APPRKOACH i : r git iby It;,ltr iu Iii ii i ha iin gst ra I ght
dowil. Appl hi' the g.1;vity Ioatd !• Lh i to %4l'Irellt to vi t 01v sils•ienllded
IeIn i ol (I •- I.iofill I i oi l I. f I v rt ll .] i y a ppl Ill I' I'('r;;t de IC IIvy t lit'

cal) It' it, till a litpt'(1 Xilih1i1 -o t1t ion (SI II lilt o•,l I Ite- 3 tc il Leltt the , ! oyc.,
state to sat jBf. equ is i hri ) u1 n I Ni N inetIhod) 'd'h i liplid-I onr crolinp i t vh
ltI i iS hshown in 1 rdl) C; 8- I - It houtl Id Ie, Ilo..l ed 1 i.t lik ' ilv i i L:'t st -i
requ i res a at i1" ai l cI ute s 1io s to get St dii•L i. 1-1 dt & Nu ; i (l c I ulpi$ auliul th lie

MNR solUt ion wo'k well] hlre. Either V\' met hod could a•so Ihe i,,-ed.

APPROACH 2: BegIin by assluming te• itur ji ; depl oyed hol-it r t zllit a I
in an lungtretche('tied state. Apply tite gravity and ciii' retut sinuut'iianlleois ly
inu incremnentls to get ani ajiproxilmato solut ion (RFB met hod). Dllmlnmy t oIns i(lls
are assumed. Itet'ate on the deployed state to satisfy equti lib)ritll (NNR
method). The input. is shown in Table 8-2.

Tab Ie A- 1 . TOWED BODY APPROAC!H 1 I NPLuT '

A

TOWED BODY DENONS'TRAT'ION PROBLEM!

APPROACH I --- START IPRO? VERTICAL; I
11,10, 2,, 1,1,386 "

FLU I
0,0,.00252,.037
BODY ?E , ,-580.9,12-=Y

HATE
1, I., .35, .0 14112, I ,W8,0,1 92E5 I
NODE
I, 3360 *,BOl)Y NODE
11,1 ,W6, 1 I 1, -'TOWr.D NODE IMPLIED WLNERATION
EILEM-ii
1,1,2, • 1 ,WB,1 *ASSUME lINSTRETCHED iLENGTHS
10 10 1l,,l 1

BLOC; 1,1 .'LOCA'I'E BODY AT NODE NI

1,1, 212.8
DEAD *tDEPLOY LINE STRAIGHIT DOWN WITH~ MNR -f DAMPIING

SOLU,,01
LIVE *MOVE TO APPROX TOWED SHAPE WITH 10 STEP R"B

SOIU, RFD
S'THP, ]0•

LIVE *ITERATE TO CORRECT STATE WITH MNR
CURR,I

END
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Table ', OWED DY APPROACH

'OWLO) BOD)Y DI•MONSIIAT I ON PROItLI.M

APPROA(Cl 2 - - - 1i 'ARl RON lIOR 1ZONTAIo:
PROB; II,10.2,1 1 1 A386
FLUI ;0,0, .00252, .037
BODY, I 0O,-580.9, 12
BLOC; 1,I
KATE =
1, I, .3S, .0o14 i 2, I ,W8,0, i .,)21.5, 1 ?

NODE
1 ,,3360

IINE;9,1 , 11
ELEM
I ,1,2 , , 1, ,W8, I "ASSUME UNSTREI'CIIID I .ENGTIIS
10,10,11,, I
TENS; 1,10,1,,500 "APPI.Y DUMMY TENSIONS
FLOW;1,1, 212.8
LIVE *MOVE TO APPROX STATE WITH RF1B

CIIRR, ,I
SOIl, RFB
STEP, 100,10
LVAR ,W5, I 4 SET GRAVITY ILOAD FLAG

LIVE
SOLU , VRR
CURR I

END

APPROACH 3: Blegint by guessiig an aligle that approximates the
depiloyedi state. DeIploy t.hi unst retched cable at that angle. Iterate oil
this gtieSsed stat c to satisfy equilibrium. Inp ut for Lhis app roa chl is
given il 'Table 8-3. The VRR metihod is used in this case qililct thlie
quality of the iiitiial guess is very low and dlivergent ?INR it.e'at ions
can be expected. The VRR method automat ically cOmlp'i.izate(S for t ino lack
of initial tensioni.

Thc.;; three applroaches a•c not the otily possihlit' opi oil,. )o' (.och
approach', the beginning state was described by the posl _iows:; -if Ai, lih (,-S
ill all ilu:t etcl died s, attr (ISIGi) -- 1). Otiher approa cies Vlii i.. dclev -i'.,
quite easily.

The number of elements for these tests was Choseli NOii'Wal . ,iti 'ari'l.y.
The r'esulits of chaltlgilg the iiulclht l of e n t s a "( ,lllmal'i Zid ih iigusrc 8- I.

The fisuiir slhows quite accui rat e re-silIt's even for VIye crl'rde mliodol.s
These miiodeis have asslillit'd illifon illl spa cinig of t l lt' odts for illilit coOllVenl i -e .
Tilhe eqtuuilibriumn stIate stigge st s it wou1d 1be imo1-re appicup c i at , to put
shorter (.'lelia 1 e ntieas t he tow-,d body where( tilie cui v aturi is the girestes.
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'[h ,t emady-qt at e I ow ip, con t gigl ion c.l, b(' t le-i'(t a; the st art i
po i tit I k i dyar11lii i •ia a I v.p i s iii wi i (iiIh h-he Ltow vw ' I ( i t v and di rec t i onii - rt

chaitigd Tablie 8-4 ;.liow-; the ,i d((it i ial iiipitt requirii! d to cOuti[Ifme
ft oil) it I I oI Ihe previ oul. iico It V t1 t l i t a tI .ev: to a 4 dYitlici solitt iol0
whiere (he tow point i,; mio, ved. The key here ic it he chatigi' in flow-fieid

vVlocit.v to zero and assignitig the iniLial towing velocity t.o all of Llt.
nodtes. The ioveiv itt funcion given dfii.,s .a sudden Clitge, of direct ion
of the towing at the saime veloc-ity. Arbitrary mIvement cii be defined.

Trabe 8-3. TOWED BODY APPROACH 3

TOWED BODY I)EMONSTRATION PROB!LEMl

APPROACH 3 --- START nROm LOPED) LINE;
PROB; 11, 10, 2,, 11,386
FI,UI;,0, .00252, .037
BODY; I 0,'-580.9,12
BLOC; 1,1
MATE
1,1.35, 0141l2,,1,W8,0,1.92Ei, I
NODE
1,,3195.55,1038,297I 1,W6,1I, 1, 1

- i, ltLI E; 9, ,
ii EIEM

I, i , 2 ,, 1, )W, 1 WASSUMIE UNSTRETCI1ED LENGTHS
": lo, 10,11 ,, I

FILOW;I,I, 212.8
LIVE ">ITERATE ON GUESS 'ro CONVERGENCE WITH VR

SO~l,t VRR

CURR, I
END

Table 8-4. TOWED BOI)Y DYNAIMIC INPUT

TFUN
1,3,1,l,1,1, .866,90, .866
2,3,0, 1,0,1, .5,90,.5

IDYN
INIT,-212.8
MOVEh,11,2,I,-212.8$W9,2,2,212.8
'IME, ,30 WFIND O TiN 'IME STEP
OUTP,W3, 1
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One general, comment is needed on this problem. Care ml:st he Laken
to assure all data are provided in ccilsistent tniit. The choice of units
is arbitrary since SEADYN does not pesume .any units (except for certain
identified defaults). The choice made here is:

Length - inches
Force - pounds
'rime - seconds

Note that lengths, diameters, forces, velocities, fluid properties, and
gravitational acceleration all use these units. In all of the approaches,
the tow cable drag coefficients are given by the DRAGCO subroutine shown
in Table 8-5.

Table 8-5. DRAGCO SUBROUTINE

SUBROUTINE DRAGCO(IND"\G,ITYPE,NUM,REN,REI',CN,CT)
CN=O.
CT=O.
IF (REN.LT.100.) GO TO 500
GO TO (IO0,200,300).ITYPE

C SFERICAL BUOY
100 CN=.47

GO TO 500
C CYLINDRICAL BUOY

200 GO TO 300
C CABLE

300 CN=I.5+4./SQR'r(REN)
CT=0.02*CN

500 RETURN
END
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.2 Buo~y Re I :ixa t j.on E!IP1IC

Cons ide v~ I bu 1 oy ,- ";t ;i 1e d by a singlIe I i .1 tha dt i b : uOr e d t o
t.he stni too r-. As s un).w Ihat L tie buoy is Snagged a id L., 1ii PO o V, 1, to a

I-,t -.I J 1pos it. i oil a nd he 1d tZ ii_- h-nen, a ft er Scm r .il e tim , 1,he O)uov a nd
n e a re re s Iae to liooe dyoa.iniCa _I]y t~o the or'gi nal i rv i. ty Io..e

state A SEADYN analysis of L-his n;cenario 0i s pies ntt.d i, !-ba ce stages

STAGE'iJ- Establish the gravity-loaded initial state.
STAGF 2 M ~ove t~he buoy over to the restrained' (snagged)

position.
STAGE 3 -Release the restraint and follow thce dynaniics back

Lo the init,_aI state.

The act~ual execution of thlese stages is dependent oil how the snagged
posit ion is defined. The problem statemrent implies the dyaamics o)f the
siviggi ng, operation are not. liroortant. and only thc calcul.tjarir cif thir
final stati.c state in the res'trained position is needed. Two d-. Cervnt
dtfinitioýn3 of the snagged stat~e are pursued here. The first presumes
the snagged position of the buoy is known. The second presumes the
mngnitude and direction of' the snagging load is spec:kf ied.

Recall]ing t~he pr-evious examPle problem, there, are various approachies
A ~that canl be used to get. the Initial static- :-tate. In both cases a

gravity-load vertical stat~e is used as a s.tartii~g point.. Loads or
displacuiment~s art. theni applied, and iterations are carried to convergence
at, the fina~l state. The dynamic phase is initiated simply by releasing
the di splacenient constraint or force, Input for these examples is
presented in Table 8-6. The second case is assumed as a restart froml
the first to demonstrat~e the RESTART section. The vi.sc,,ns relax)ationl
method wa,.s chosen for both of these since it is most likely to remain

*1 stable and obtain convergence.
Thie dyriami - solutition used the direct. iteration method since Cii s

has proven to be the most reliable. The algorithm was left to choose
the time step needed sin~ce no cyternal loadling with its own time
characteristics was present..
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Table 8-6. BUOY RELA.I'1'ION INPUT

BUOY RELAXATION DEMONSTRATION PROBLEM -- INITIAL POSITION GIVEN;

PROB;11,10,-2,,I
FLUI;0,l
BODY;I, ,.129,2
BLOC; I,I
MATE;i, ,.15, .0005.,W9,2.36,1
NODE
i,,,5.551
1I,1,0,. 104,W6,1 ,1 ,1
ELEM
1,1,2,,1 *ISIGO=O WITH NO LOADS SAME AS ISIG0=1
10,10,11,,i

DEAD *GET VERTICAL STATIC STATE
SOLU,,.01 *SET NUMERICAL DAMPING
SAVE, -1 *SAVE DEAD RESULTS

LIVE *MOVE TO SNAGGED POSITION
SOLU, VRR

DYN *RELEASE FOR RELAXATION

OUTP,, 1

NEW
"BUOY RELAXATION DEMONSTRATION PROBLEM --- FORCFS SPECIFIED"
REST;NEW, 1 kGET THE LAST DATA SAVED FROM PREVIOUS DEAD
LIVE *APPLY SNAG LOAD

SOLU, VRR
LOAD,1,.115,- 0265,, 1 -LVAR DEF,'"

DYN *RELEASE FOR REL" - ON
TIME, ,10
OUTP, ,1

END
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8.3 Anchor Last Examp!le
-'.i

An anchor last deployment scheme for tethered buoys is readily
modeled in SEADYN. The starting state before the release of the anchor
requires some careful consideration, however, when special situations
are modeled. Static analysis problems can occur when floating lies
with low initial tensions are involved. This presents a problem because
slight changes in tension distribution can cause large position changes.
In such situations it is best to make a reasonable guess oil the initial
state with no tensions and go immediately to the dynamic analysis following
the release of the anchor. _

This is a relatively simple problem intended to demonstrate the
mechanics of getting the static and dynamic solutions accomplished. The
problem presented here is sufficiently well-conditioned to allow the
initial static state to be calculated. The problem characteristics are
given in Figure 8-2. The input data are given in Table 8-7. The input
assumes the anchor is released at time zero, and the top buoy is held
for 10 seconds before it is released. The line between the two buoys is
assumed to be neutrally buoyant. The initial state holds node 1 fixed
and applies 1,000 pounds horizontal force to node 10. This stretches
the neutrally buoyant line out straight and produces a catenary configu-
ration in the heavy line. The guessed initial input uses unstretched
lengths (ISIGO = 1) and the catenary line generator. The initial distance
between nodes 4 and 10 is selected to give the desired line length for
the catenary.

i
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Table 8-7. ANCHOR LAST DEPLOYMENT INPUT

DOUBLE BUOY DEPLOYMENT USING ANCHOR ILAST METHOD;

PROB;1O,9 ,1, 1l
FLUI ;O, I
LIM11

1,,1 *SURFACE
2,5000,1,, l *BOTTOM

BLOC
l,l,W5,l *BUOY I AT NODE I
2,4,W5,1 *BIUOY 2 AT NODE 4
3,10,W5,2 *"ANCHOR AT NODE 10

NODE
1 ,W6,3,3,3 "HOLD fTOP BUOY
4,,,1200,,3 *VERTICAL 11011) ON BUOY
10,, ,2400, ,3,1, 1 W'lOLI) ANCHOR, LEAVE HORIZONTAL FREE
LINE;' ,4, 10,W7, 2,.5, 1000 *GENERATE CATENARY AND NODES 2,3
2,1,4
ELEM
1,1,2,,1 ,W8,1,1000
4,4,5,,2

9,9,10,,2
MATE
1, , .3,W9,•1.E4,1

2,, .2, .5 ,W9,1. E4,1
BODY
1, ,2000,8,W8,20 ., BUOY I WITH SUlFACE DRAG
2, ,1000,6,W8,15 :-.3UOY 2 WiTHl SURFACE DRAG
3, ,-5000,5 ":<ANClIOR
DEAD *SINGLE STEP VRR SOLUTION

SOLU,VRR
LOAD,1,, 1000, ,10

D)N W O-DROP ANCHOR
FIX, 1,41 *CHANGE CODE TO ALLOW BUOY PUILI-UNI)ER
FREE, 10l
T]ME,.10.
O1]TP, ,2

IYN "RELEASE BUOY I
FREE, 11 , 12
TIHF,, 1000
OlJTP,, 100

END
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8.4 Pa"'t -r"m a Moving Ship Example

The deployment of a cable system by paying out line from a moving
ship is demonstrated in this example. The problem selected is the final
stages of deployment of a trapezoidal array system (Rff 15). Figure 8-3
shows the starting configuration. The system conta:ins two clump anchors
and two suspension buoys. In the sequence modeled, the first clump
anchor is in place and the final anchor is being lowered by a line
paying out from a cable ship. The payout rate and ship velocity are
chosen so as to place the anchor at the desired point. The demonstration
problem uses a straight line ship velocity (away from the cable system)
of 1 ft/sec and a constant payout rate of 2 ft/sec.

The element model used is the simplest possible: only one element
per line. The payout line element is assumed to grow to a maximum
length of 10,000 foot and then be divided into two elements (mitosis).
Up to this point element 5 and node 6 are not involved in the solution.
When mitosis occurs, node 5 is placed at the dividing point, node 6
takes the position of the moving payout point, and element 5 enters the
system as the upper half of the payout line with an unstretched length
equal to the mitosis length. Element 5 is then the payout element, and
element 4 maintains a constant. unstretched length equal to the unstretched
length just before mitosis minus the mitosis length. When the anchor
(node 4) reaches the bottom, it is held fixed in three components.

Table 8-8 lists the input foc a DYN analysis using the DIM method.
Table 8-9 presents input for a TSSS analysis of the same time sequence.
The VRR form was used, but the MNR method could also have been selected.
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81 12 Al

node: 1 2 3 4 1I

10

Force Diamneter 5,000 ft

X Body (Ib) (ft)

B1 3280 8
B2 2160 8
Al -5120 5

horizontal force ffH 1 1,000 lb bottom

Figure 8-2. Anchor last model.

Force Diameter
Rod>, (Ib) (ft) payout point

BI 20(0 8
B2 1000 6
Al1 -5000 5

• • :106
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Table 8-8. PAYOUT FROM MOVING SHIP INPUT

PAYOUT FROM A MOVING SHIP;

PROB;6,5,2,1,1
FLUI; 14400,1
BODY
1, ,3280,8
2, ,2160,8

3, ,5120,5
BLOC
1,2
2,3
3,4,W5,1 *STOP ANCHOR AT BOTTOM
LIMI;l,0,5,,1
MATE; 1 , ,. 1667 ,W9,1.E6, 1
NODE
1,W6,1,1,1 *GLOBALLY FIX ANCHOR NODE
2, ,7500,13300
3, ,10400,14200
4, ,23000,5700
5,,29739,14400,W6,2,2,2 *ORIGINAL PAYOUT NODE
6,,29739,14400,W6,1,1,1 *NEW PAYOUT NODE
ELEM
1,1,2, ,1

5,5,6, ,1
DEAD

SOLU,VRR
DYN

MOVE,5,2,,1,1,w9,1
PAYO,5,4,2,5000,1,1
SOLU,W12,-1 *RESTRICT TIME STEP GROWTH
TIME,.5,3600
OUTP,,100

END

Table 8-9. TSSS INPUT FOR PAYOUT PROBLEM

TSSS
SOLU,VRR
TIME, 100,4000
MOVE,5,2, ,1,1,W9,1
PAYO,5,4,2,5000,1,1
OUTP,,100

END
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9.0 IIELPFIJL HIIrNTS FOR~ MODEI)EN(; AND) TRO(UBLESl10IOT1NG

The most. cotiullio problem encountecred by a !.ew user of a coiipl ('atr.d
computer program is the mastecry of thle inrpitt syitZax. I t i s hoped t hat.
the ('sample p roblIems will al levi a I a large 111um1e r of t hirse! p roblemis.
An d t-te(mlp to [ormfullate SEADYN input lor shi tsiiar problems should lie made
before, go jug oil to thle user's own problIem~s. A variety of smnall protblCenl
should be tried until1 tile syntax is rel at ively familiar.

Beyond the syntax problems , one encoun Icrs thle modelIinug Ctto r% and
the need for understanding the quirks of the solution methods. F i Iin Le
element, modeling requires. that. certain abst ractions and approxiiat L i oil
be made to get from tile real world to the numerical model.. One must
decide how many nodes to use, where to place them, how Lo numbuer 01(.111,
what to lump where , etc. Since SEADYN uses st.ra ight-1line eci einzt~s
there will always be a disparity between the actual Alengt~h and the
modeled length onl curvod lines. Also there will always be the probleml
of step changes in tension from one c lement to hOil next. These
approxi wat ions are inherent in the model inrg process, and thle analysta
needs to become familiar with thle consequences of ap~proximat ing for his
pa rticular situation. Answers t~o quest~ions of how many iiodes and( where
to place them are strongly proble-n-dependent.. In general , enough nuodes
should be provided to model geometry and tension variations to thle level
that is important to the problem. Each element ass~umes a uniform mnater ial
so each material must be represented by at least. ono element. If ighly
curved regions, and regions where tensions can vary significantly require
shorter elements. How short is short enough can bie answered from grid
convergence studies onl a particular problem. Thle result presented in
Figure 8-1 is an example of such a convergence study.

The solution of simultaneous equations in SEADYN fol lows a Gathusian
el imination procedure that attempts to minimize computer storage by
taking advantage of equation symmetry and bandedness. This means that

the amount of storage required and the number of mat rix operations are
sensitive to the way the nodes are numbered. As a genera] rule, theI
largest difference between node numbers defining any element determines
the bandwidth. The smaller the di fference the sinai 1cr the bandwidth and
the smaller the cost. In calculating thle maximum node number difference,
the master node niumber or the master node number plus one (since node
pairs are used to get rotation) must be used in place of the slave
nodes. Another general rule for node numbering >m:-tioned in Sect-ion
3.0) is to number such that the softer (lower s'; Cness) components are
encountered first. This reduces the numerical error propa~gation in thle
analysis. Often it is not obvious what components are soft. relative to
others and/or requirements for meeting this condition are in conflict
with the opt~imum bandwidth numbering. Judgment, and exp~erience onl the
part of the auwilyst are needed in making compromise-, in this area. Lit
should be noted that all solution methods in SEAI)YN, except. the DIM
method, require the solution of simultaneous equations and are bandwidtth j
sensitive. Thle MODE analysis uses the Jacobi iteration method anld is.A
also bandwidth sensitive.
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Er nrors that can occur because of' node numbering can show tip as a
singular system of equations. The message printed would be "EQUATI'ON
I)ECOMPOSITION FAHXEl), etc." (see Sect.ion 10.3). This message also
results from i, -oblems with input errors and for unstable struct-uires, so
one should not he hast.y in conc1luding it is the result. of accumulated Ai

numerical error, A specific situation where this can o'ctcr is in a
multileg mooring of a ship. Certain pretensions and positionus of the
legs can cause the ship's responses to be stiffer than the lower portions.;
of the mooring legs. If the ship's nodes are numbered before the mooring-p
legs, numerical error propagation can cause a singular matrix error at
tile lower ends of tihe lines. Renumbering the nodes so that the ship is
last will remove the problem.

A very common err'or leading to a singular stiffness matrix is an
incomplet.e set of boundary conditions or an inconsistent set of preten-
sions that cauties a portion of the structure to go slack. Boundary
conditions must be given to fully restrict rigid body notion of the
strlctiure. This means six degrees-of-freedom must be const ra.i ned. -
Since SEADYN treats geometric nonlineatiti.es, the rotat ion dvgreeos-of-
freedom represented by elements displacing one end laterally relative to
the ot her can be rest.rained by tension in the element. For example, a
tingle element held fixed at one end (three constraints), with a tUens.ile
load at. the other, is a stable system if the stretch in the element is
iii balance with the load. The tension in t.he element resists the pivoting
of the element about t.he fixed end. There is no twist( degree-of-freedomil

7 in the element, so no constraint is required for it. If the end load is A
noL applied .in line with the element, a rotation must occur antil the
eiement a i gns wi Li the load,

Section 3.0 discussed the problem of obtaining a stable initial I
configuraLion of the finite element model to be used as a starting
point. The analyst, should always keep in mind that tihe finite element-
model is an approximation of the actrual structure. Even if exact data
describing an initial static state of the actual structure were available,
use of that. data in a finite element model would not represent a converged
equilibrium state. Some minor adjustments in position of the nodes and I
element tensions would inevitably be calculated by the numerical iteration.ia

Two ptrocedures for getting stable initial configurat ions have beeil

used with some success. The examples demonstrate both or them. The
f irst approach is to use a mimerically damped MNRE method or a combi nat ion1

of a few RFM`1 step. followed by MNR iterations. The second approach isj
to u.se the VRR method with or without increments. In either of these
approaches it may be necessary to adjust the analysis pa rameters to get
convergence. Two general forms of behavior can lead to a lack of conuver-
gence, very slow convergence, or willy osei I fating behavior. A

If damping is too large for the particular situation, mtovement will
be sluggish, and the force residual will not. change significantly in any
one iterat. iio. This can occur in the VRR solution if the stru('ture is A
stiff (e.g., heavily loaded, high EA lines). The VRR sol, I lon will sig-
nal. this situation by repeated output of the SLOW CONVEIRGENCE message
with ne ithher of the INCIREASING NORM messages. The appropriate action in.
t.h.is case is t-o try the anailysis again with a much smaller init ial num-
erical damping (Word (3) on the SOLJ record). The default value i.s 0.001,
hint in some si t.tatiots it may be nece,;sary to make it much smaller. it
Alternatively, the MNR method could be tried with default parameters.
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I!'

rte very slow convergence behavior of' the ViRR method •ipP0suesl; that tlhe

a ! gor i thls wa irt. s to adapt. neatr-vero dampi ig/, wiicit i s I the Newt on-Hapih;Oi
InIe t hod. SIluiggi sh bethavior of the MNR 11ethod also meansii 0ld snole ii cll'I( damp il ig
is too high.
vry ' n'lmore commonlll sitlaIt molt hts d lie v eIivwelig/t belelavljor evidesicA'd by U
very large (oftenil increasing) Oci I liit ilrlg resuits t ron Lhe iteiat iois,
I'l is ustially lneatns large daiiipiig shouild he used or St ra:tegy mioidi ficat ons
liade wihich: ate sluggested i)y tile Lpattierni of the lllltuutable behavior, o.

Divergence is most often etitcoiiiteretld Us•i11 the fNR limethod wihen a poor
startinzg poinit is given that. requi res a signii ficant angular mOVellie-.li,

Fi The VRR approach will genera Il y work miuch belter tlian the MNR approach
ill these cases sitnce it calt more readily azdapt. to the problem by damping
and step-)size adjustments. The adaptive features of the VRR imetthod have
beenl developed somewhat empirically by following a particular diverfent i-
pattern anid then constructing a strategy to detect and react to it. A
'ViThis means it is possible that the action. Lakein is tinapp ropri ate ill sollle 014

tlew S it I)at i Oils o0I that a lioiconvergent bethavi or wit hi a di fferent pat tern
is undetecrted, These situations usuially produce coplio ll messages with a "a
mixtiure of INCREASING NORN and SLOW CONVERGENCE forms, and no clear
patterni of reduction of the force residual is obtainned. ihe solution I
will then fail by runtiirtg to the limit. numzttber of iterations (Word (113)
oil SOL record) or Lhe job lilits (time or output lines). When tlie VRR
method runs to the limit iteraaions without converging, the pattern of
the messages and the values of the residual and velocity norms should le 1
studied before attempting a rerun. Sluggish behavior will be indicatedI by small velocity norms, and large residual nornis with smiall posit ion
changes, In this case, the actions noted above should be considered.
If the pattern shows large velocity norms and zto definite residual norm
pattern, an increase in damping could be effective. Applying the loading
in increments could also be considered.

If very erratic norm changes occur and the values are very large,p one should review the problem data to see if anything is wrong there.
Finding nothing wrong, a different strategy should be considehred. This
can involve a change in the initial state input and/or a different. mix
of analysis parameters. Very abrupt load/displacement changes shoaild be
introduced incrementally. The physical possibility of unstable states
should l)e investigated (it can be that the load level requested produces
a physical instability).

One mistake that is sometimes made in dealing with the staging of'
subanalyses is the sudden omission of loads or constraints imposed
during the preceding stage. The load and displacement. dat~a defined at
the beginning of each stage must be consistent with the total values
obtained at the end of the preceding stage. For example, assume Stage A
applied load A to the structure with displacement constraints A. At the
beginning of Stage B, the loads and constraints defined must be loads A
and displacement constraints A unless it is an initiation of a dynaniic
sequence with suddenly released conditions. If Stage B is inttuided to
begin from load A and impose additional loads 11, it is necessary to
redefine loads A with a zero variation code on the LVAR record, and
define loads B with the t1 variation code. Stage It will then maintain
loads A and incrementally add loads B. If loads A were omitted, the
initial loading would not be in balance with the nodal posit ions. and
element tensions. This would then lead to ailt abriupt change in pos itiontt
and possibly a divergent solution step.
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MON) ait a I ysvs do not requ ire Lthe speci t i cat ion of I oad (n, but. t lie:
di spiacvegitett cons t.ra i uts in fo rce at I.he end 01: t he precetd inig t age mtist
reala ii int torce. If the se di 5p Ia ceQiWIIt.s were, imp~o sed wi tix it MOVI reccord
then a FIX recorud or MOVE recordI woul ie rI eq(uired for thezse comlponlent.
in t hi MOD)E SAO ;set.

lDynam1ic analys-es Present. i new ksot of' poblenils. The m1ost effective
form for Lime domain dyniamitcs is, the DIM mthiod. GenerallIy, thle def iti I.
pa ramet eris will be app ropria te The choioce of a t.i mie stepj is the main
concern, The DIM method will select, its owit t~ime step if nione is given;
however, t-he %elect~ion algort-i im is not. compl etc ly reliable. One probl em
that. occurs for strongly nonl inear dynamics i a that the appropriate t.i me
step may vary wi th tfime. A new upper l imi t oil the Lime stevp is calIcul at ed
only when there is a signal that the analysis is not converging. The
signals used are:

a. A displacement change norm exceeding I.,El2

h. A large, number of iterations without convergence (lMlrER on Lthe
SO~LI ca rd)

c. A per-ii-tentitA.y incrteas ing di spliacemenit chtange niormi

In these sii'uations t~he time step upper' bound wil 11ie recalcul 1ated and
Lthe step -,ize reduced. It is possible that the problem will not be dv-
tected early enough to avoid fat~al growith of errors in thc analysis.

Time* domain analyses which make repeated timet step changes, should beI
reritn with the step forcctt to rena in below t~he ranpe of thet chatixes.
Thi:n Is done by specifying DTl (Word (2) on t-he TIME record) and set. t jg
JMPIDT 1,o -1 (Word (12) onl thle SOLU record).

Time domain anialyses wi thouti material damping, tend to be Sensi tive
to step si ze and will produce spurious oscilflat ions it' thet step' si ze
and/or convergence tolerance arc not appropriate. Even with damping,
erroneous oscillations can be induced by setting Lthe convergence tolerance
(DERR) too high. The correct. value of D)ERR is somewhat prtobl cm-dependent.
The default valuec of 0.001 is at miiddl e-o f-t he-rtoadl choice. One shoa 1(
not set it. much higher without seine vetrifi cat ion that Lthe result~s are
acceptable. It may be necessary t~o -set it. 1lowen. One examle (it othbis
is when the time step is des ired t-o lie much small1er than tile tipper
botintd and st tortg nonil i ue:n it ies are present (e g . , payout or bot t om
int~eract ion) . There is a t rade-ot f het-wven %t-ep size, DERI, and thle

number of i teratiotns to coinvergence . Al though thle optinium m1ix of step"
and iterations is hard to determine, experience has indica~ied that D)1
and DERR values , whitche give bet wen i. lthee and about se'venl or e ight
iteratiois; pet step, are reasonable for s tronigly nkininti 0.r problemI~s.



10(.0 SUMMARY Of- MIAJOR DIAGMNOST'IC MESSAGES

[Tie SJ-A1)YN prograw makes ;oiii c'hecks ofI theI l- inpu dat a and attellijit.'
Lo aid~ t-h llhe *r j i it flang hiz te LIr is byv pra ntitig v.. ricmr~ mevssages-. No
:01 t 'iipt has Ile('ni madt. to beI coulpiuehe'izi IVu ill thiiis 1Ci lure s ilc ni t i s

'(?'0PV diffii cult to F oiesqe anid/or dete(ct liualY ot" I lie siteenrI
ThCe inputI roult illeS I ha . procvss Uthe PROB alld SAO dat a zw't s prthice

various dhiagniost ic tSIhat; (w~i Iate elron's dit.,e edi it!I lie, itoipta 'rine

mlessago $ are Penle ia 1y self-explIaniatory. They dva nol m iy withb p rogram
restinctionrus siich As t0w 11a X ina~ly !hlklfhe r of1 it eiuis, il I owed , n) r t-Ine Cam1p Iet-C
ness and Conii$Istenicy of tile dlata provided. 'I'e usel. shouldi have lit I. I
diItficu.lYv i literp)ret illpg Ik e problem detectedi, and shoulId he ab I to miake
ippi'opr'i.at~e correct ions wih Lb he aid of thi:s iiaimial,

Pluvri ii thev process in,,g of Like snuhna na Iyses v, dckie.-k are-( made ol t he
valIidi tv of thc request s and thle 'onVorgnceit of theana i p roceihi es.
The mnessages that call he prinited arc I ist~ed below With a brief desr lijt ic11
of t~he p robablec cause and1(/or cure Theii act ion t a kn ifte r thle evro r
det~ectijon iS iod ica ted by the following codes:

(W Fat~al, ruin aborted.

(N) Abort analysis case .-nd seek a new problem definitLion

by5 searching the deck for a NEW SAO record.

(0) Abort present SAO activity and go to the ncxt. SAO) record.

(ON Skip tLEis fecluet and go to Like nexi card.

(C) Continue calcuilat-ion with act~ion as infdica~ted.
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I0.1 System Dcscrip tioon C:vck:l

(F) I)vPTII cORRIEcTIO'N I, - - !1 SI P D)RAFT'I'.XC..Al; WATA'I'-ll

vo.-.tý mptlut error. Check Ior dropped dctki

(N) I,.lMEN,'T -INFIRATION RIROR

F i v' t vI eit'nt was not i tpiput , oi' eI letu III ca' rd s arv I Iot ill

inCr'eatsinlg el .tiellt iltlllbel" Order , or last evIclall. . was iot,
input

(F) ERRHOr IN (WIND/CURRENTI) LOAD TABLE ON SHIP XXX
HEADING = XXX
LAST TABLE ENTRY 'XXX
SYMMEI'RY FLAG = XXX

IlCadinItg reC(Jquested exceeds the largest val e ill tile tJbIe.

Check ship load input tablo.

(N) IHPROPERIY DE'IFEI) MOORING BUOY Al NODE XXX NO. 01 SL.AV•,S FOUNI) -. XX

I'looring buoys require at least two slaves.

(N) NODES OHITTEI) IN GENERATI'IOON

Message is tollowed by a list of ones ald :ýo, os (it'en j'0' i ,W)
cot-responding to the niodes ill tile s51.00l. TIhe Veros Indicate
which Ilmols Wer'e IIot detfi ed either by inpl)t ol" genelal. ion
sequence. All nodezi munst he ac countctd for. Fo owing the
integers, the nodal (oordin ,tez are prillt(d to aid ill fi lding
the error. The problem usually comes from imp roper no(de
gett vat ion input

(N) SHIP DATA INPUT ERROR ON XXX (Ship No.)
NO. OF SHIPIS ON FILE = XXX
LOAl) FUNCITION OPTION = XXX

Blank record for mtoored sthip data re(quested definit ion of ship
from load file with no load file defii.,I,

OR

AtttIempted ship scaling with no load file definmd.

(N) TAPE POSITIONINNG OR FORMAT ERROR
UNABILE TO FIND SHIIP DATA
ITEm XXX LAST READ IS FOR hEAI)IN(; XXXX
AND) WAVEIi,ENG(TI XXXX.
WANTEI) IIEAI)ING• XXXX WITH'l' WAVE LENGTII XXXX.

• • . i I l II J3 "



The ship motion file is not formulated properly or other
input or equipment malfunction has made reaaing the file
impossible.

(C) WARNING--UNITS DO NOT APPEAR TO BE CONSISTENT
GRAVITATIONAL ACCELERATION FROM TAPE IS XXX
UNIT LABELS FROM TAPE ARE XXX XMX XXX

The ship motions file conversion factors do not properly
convert the GRAV on the file to the GRAV specified in this
run. Calculation still proceeds. 4
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10.2 SubanalysisOption Errors

(S) ANCHOR NOT ON BOTTOM AT NODE XXX
SKIP REQUEST FOR XXXX

Anchor weight is not sufficient to hold the lines at this
node and it has been lifted off the bottom or has not reached
the bottom.

(F) BLANK COMMON ON TAPE LARGER THAN SPACE AVAILABLE

The data saved on the file requires more storage than is
presently available. The two numbers printed are the
required and current values of NCOM.

(S) CAPACITY AND COMPONENT ID BOTH ZERO
SKIP REQUEST FOR XXXX (CTYPE) 1

Check input card.

(C) DATA NOT AVAILABLE FOR XXXX
SKIP THIS REQUEST

Regular wave response data were requested for a frequency
outside of the range that was generated on the Ship Motion
file.

. (F) INCONSISTENT ANALYSIS REQUEST ON RESTART

•1 Attempted a restart of DEAD, LIVE, or DYN, and the file
was not from that type of subanalysib.

(N) INSUFFICIENT STORAGE TO PROCEED
COMMON SIZE XXX
STORAGE NEEDED) = XXX
HALF BANDWIDTH =XXX
DEGREES OF FREEDOM = XXX
BASE SIZE = XXX

Subanalysis request (DEAD, LIVE, DYN) cannot be processed due
to storage limitations. Problem must be reformulated or NCOM

increased. (See Appendix J.)

(N) INVALID CALCULATION OPTION = XXXX
CASE TERMINATED

The frequency domain calculation option was not RAND, REGU, or
DONE. Records are out of sequence or record mispunched.
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(N) INVALID COMPONENT TYPE XXXX
ASSUMED OF INPUT

Occurs when random response requests are being processed and
a card is encountered which does not have SHIP, NODE, TENS or
DONE keyword. The items to this point are processed, and t.he
case is aborted with the additional message.

(S) INVALID COMPONENT TYPE
SKIP REQUEST FOR XXXX

The component number is not one recognized by the component
inventory.

(C) INVALID NODE NUMBER - XXX
SKIP THIS REQUEST

Regular wave response data were requested for a node number,
which is less than 1 or greater than the number of nodes
in the model.

(S) MORE THAN TWENTY LINES ON ANCHOR AT NODE XXX
SKIP REQUEST FOR X0=X

The fixed node where anchor capacity check is requested has
too many elements connected to it to make the check.

(S) NO DYNAMIC TENSION PROVIDED ON ELEMENT XXXX
IGNORE DYNAMICS

The random response data for this element was not requested by
a TENS record for this wave heading in the FREQ SAO.

(S) NO LINES CONNECTED TO NODE XXX

SKIP REQUEST FOR XXXX

Check node number.

(N) NOT ENOUGH STORAGE FOR FREQUENCY SOLUTION
NEED XXXX, WITH XXXX AVATLABLE

Storage inadequate for FREQ analysis. Increase NCOM.
(See Appendix J.)

(0) N1',T ENOUGH STORAGE FOR MODE SIIAPES
NEED XXXX, WITH XXXX AVAILABLE

Storage inadequate for MODE analysis. Increase NCOM.
(See Appendix J.)
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(N) NUhBER OF SHIPS = XXXX
DYNAMIC SOLUTION PRESENTLY LIMITED TO ONE SHIP

FrequenIcy domain analysis requested with more than one ship.

(N) POSSIBLE SEQUENCE ERROR -- CASE TERMINATED

(See previous explanation)
The dynamic response file is not written.

(0) REQUESTED DYNAMIC EFFECTS WITH NO FREQUENCY DOMAIN FILE PROVIDED
ABORT ADEQUACY CHECK

Dynamic response file was not saved in the previous FREQ SAO
(see Word (3) on FDOL record).

(N) SHIP MOTION DAT.A EXCEEDS LI.NIT

NOB NOH NOK NRV

LIMITS 5 30 30 8

VALUES READ XXX XXX XXX XXX

The ship motion file has arrays Larger than the dimensions in
SEADYN/DSSM.

NOB = number of Froude Numbers
NOH = number of wave headings
NOK = number of wavelengths
NRV = number of roll angles

(N) SHIP MOTION FILE ERROR
WAVELENGTHS NO!I IN DECREASING ORDER

Check format of ship motion file.

(S) SHIP OUTPUT REQUESTED WITH NO SHIP iN THE SYSTEM

Random response request for ship ifnored when NSHIPS < 1.

(N) SPECTRUM ERROR, NO FREQUENCIES FOUND WITH SIGNIFICANT WAVE HEIGHTS

Check spectrum parameters aiid/or frequency range.

(F) TAPE LABEL XOXXXX DOES NOT AGREE WITH X1XXXX

The label check failed on restart. The first six
characters on the RESTART title record did not agree with
the check word given.
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IC) 1"00 MANY LOAD SETS FOR DRIFT FORCE ITERATION
REFERENCE STATE NOT UPDATED

ihe previous static analysis used three load sets. This
leaves r*o room to store the drift forces.

(N) UNRECOGNIZED ANALYSIS OPTION = XXXX
TRY TO GET TO NEXT CASE

Usually indicates improper numbers of cards or cards out of
sequence.

A
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10.3 Solution Option Execution Messages

(N) DIVERGENCE ON STEP XXX AT XXXXX (load factor or time)

Signals abort of MNR method after KNVRT successive step
size reductions.

(C) DIVERGING NONLINEAR ITERATION AT TIME XXXX
STEP XX WITH A TIME INCREMENT OF XXXX
LAST TWO NORMS XXXX XXXX KOUNT = XX

Signals a lack of convergence in the Direct Numerical Integration
time domain analysis. The various situations that lead to
this message are:

(a) Acceleration more than doubled in one iteration on the
component w~th the largest acceleration.

12
(b) The displacement norm exceeds lxlO

(c) The displacement norm increased in three sJccessive
iterations.

(d) The Jergest displacement increment exceeds a magnitude of
lxlO

(e) The number of iterations exceeds LMITER on SOLU record.
This will be followed by a reduction in time step subject

to the limits of KNVRT on the SOLU record.

(C) DIVIDED STEP SIZES XXXX XXXX

A constraint overshoot was detected in the SLI or RFB incremental
analyses. The step was divided into two parts as indicated by
the message. The first part represents the portion of the
original step used to get to the constraint. The remaining
portion of the step was then taken with the constraint imposed.
A full step size is used after successful completion of the
divided step. Repeated divided steps with multiple constraints
can cause the solution to fail. In that case small step sizes
should be used.

(N) DYNAMIC SOLUTION DOES NOT CONVERGE AT TIKE XXXX WITH A TIME INCREMENT
OF XXXX
LAST TWO NORMS XXXX XXXX

Signals abort of DIM solution after KNVRT successive step
size reductions.
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(N,S) EQUATION DECOMPOSITION FAILED ON ROW XXX

The simultaneous equations in the subroutine SLVBAN (DEAD,
LIVE, DYN, FREQ) or subroutine COMBAN (FREQ) are singular or
sufficiently ill-conditioned to appear singular. The row of
the matrix is calculated from (3*(I-I)+J) where I is the node
number and J is the direction (1, 2 or 3). Check node I for
proper constraint. This also occurs in poorly tensioned
(soft) initial configurations. Check for zero tensions, etc.
It can also occur from wildly divergent VR it-erations due to
improperly posed problem or poor choice of parameters
(usually damping is too small).

If this occurs with the SLI or RFB methods or in the
steady-state response calculations in FREQ SAO, rhe case is
terminated.

If it occurs during a MNR analysis, various attempts are made
to remove the singularity and repeat the step. Failing in
these, the case is terminated.

(C) EXCESSIVE STRAIN ON ELEMENT XX ON STEP YY, XXXX

The VR iterations produced a strain larger than 1,000.0.
The strain value is printed at the end of the message. This
is an indication of a wildly divergent iteration resulting
from a poorly posed problem and/or a poor choice of analysis
parameters. Damping is increased and the iteration retried.
Successive errors of this type will lead to an abort.

(N) FAILURE IN VISCOUS RELAXATION SOLUTION

All attempts to get convergent VR iterations have failed. This
occurs when repeated norm increases or large strains are encountered.

(N) IMPROPERLY DEFINED DYNAMIC PROBLEM
COMPONENT XX HAS NO MASS

A material property input error has been made or zero length
element has been included in the model that is not one of
those reserved for payout. The component number is computed
from 3*(N-I)+J where N is t!bc node number and J is the direction
number (1, 2 or 3).

(C) INCREASING RESIDUAL NORM ON STEP XX
LAST THREE RESIDUAL NORMS XXXX XXXX XXXX

The VR iterations have produced successive increases in the
force residual norm. Divergence is indicated. Damping is
increased and the iteration restarted.
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(C) INCREASING VELOCITY NORM ON STEP XX
NORM VALUES XXXX XXXX XXXX XXXX
REPEAT STEP

Indicates a strongly increasing velocity behavior in the VR
iterations. This is assumed to be a signal of divergence if
it is occurring repeatedly. D)amping is increased and the step
is repeated. In some situations this message will occur many
times without an abort. This is because it gets intermittent
good results rather than successive increases. This usually
means the heuristic scheme for adjusting the solution parameters
does not work well for the problem. In some situations this
can be avoided by selecting a larger damping at the start.

(C) LAST TWO RESIDUAL AND I)ISPLACEMENT NORMS XXXX XXXX XXXX XXXX
KOUNT = XXXX

The four values printed are the residual and displacement
norms for iteration (i-1) and iteration j in the MNR method.
This message signals an increasing norm indicative of diver-
gence or a lack of convergence in the number of iterations
given by KOUNT. This occurs when norm values are very large
(greater than 10,000) or repeated increases are detected.
This will be followed by a reduction of step size subject to
the limits of KNVRT on the SOLU record.

(C) NEW DAMPING = XXXX

Indicates the action taken.

(C) NEW STEP SIZE = XXXX

Indicates the action taken.

(N) ROW XXX OF STIFFNESS MATRIX HAS NEGATIVE DIAGONAL TERM = XXXX

Message follows previous message on SLI or RFB methods.

(C) SINGULAR EQUATIONS WITH NUMERICAL DAMPING FACTOR OF XXXX

This message is printed from the MNR method. See Section
9.0 for further explanation. This message is printed after
the three trials described in that note. This will be followed
by a reduction in step size subject to the limits of KNVHT on
the SOLU record.

(C) SLOW CONVERGENCE ON STEP XX
LAST FOUR VELOCITY NORMS XXXX XXXX XXXX XXXX
LAST RESIDUAL NORMS XXXX XXXX XXXX

This is a progress report on the VR iterations. Damping
is reduced or step size is increased depending on the pattern
of residual norm changes.
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(C,N) STEP SIZE REDUCED TO XXXX ON INCREMENT XX
RESIDUAL AND DISPLACEMENT NORMS XXXX XXXX

This message follows the reduction of step size in the lINR
method. It will follow either of the previous two messages
when the number step size reductions is within the limits
imposed by KNVRT on the SOLU record.

(C ,N) TIME STEP REDUCED TO XXXX ON STEP XXXX
NORM = XXX

This message fo]lows the reduction of step size in a DIM
solution. It will follow the previous message when the number
of step size reductions is within the limits imposed by KNVRT
on the SOLU record.
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Append ix A

'PIIL SHIIP MOT ION FIL b

l'hr dia t.1 for the ilit-ot. i tqt~a Iio ('5 or a ship d riven by ha rniou ic
wavvs areo provided to the SEAI)YN p rogracin through the Sh ip Mhot i ni
File. This set of' data is asiosnied to be onl a sequetietlal tbinlalry 1 file
iog ical unit o8 . rii is Append i x desecriboes the forcma t of IthatI. t i 1V,
Notations f rom Refterencve 16 art, used.

'rile equatLionls of mnot ion fo r a ship i11ov ug in) waves Oil: f ree itr fa ce
arie aissumled to hanve the follow inug form:

k1i j~ k Ajk) 'k j Bk k\ j k '1k F.

,rie t e -ills of: thi s equa t.ionl a Ir- a~sS uied t o lie P rovided oil 1.1. hehi p Ilot iol
ftile illa it 1oiidi me1011 i olla I form ref I'lcci ing Itlit e f fect s 01. Ilhe wavelIengthI
of t he surface wave and the a-e Iat i ye heading be~tweenl thle wavo and~ tilh'

ship.

Tilt r'e I a Li oilsIt ip!; be tween thle tecrms o f Equat j olt Ai- I ititd LtIe
nondimens iona I terms on Lthe tfito are given below;

M iMI IiF~ ,k) G(;II (Ji , K) 1(A-2)jk

A NI'i k) I I )A(J ,K) 1 (A-3)
j k

in it.%: Fr 1

R H(gil,)0 . 11 j1 i k) IDAGI ,K) I (A- )

tilt it I S FIT'

B M F,0.5 0,2 114SI(A- 5)
44. 1B4(RA)
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Units: FTL'1

SC k M 9 {L(.i '~j k)-l 11)(Ji,K) I (A-6)) '::

IBOD(J) + iBOe(J 4 3)1 J = 1,3,5

F. N g mm(J)'i (A-7)
j jIIEV(.) -t iBEV(. + 3)" J z !4

Umits: E m!

where: M = Ship's mass ('iMAS) Units: FT'I,

=I Ship's length (ELL) Units: 1,

g graviLational acceleration (GRAV) Units: u 2

= the lIth roll angle index -4)

ri(j ,k) = rn(j) + m(k)

M(j) = 0 for j * 3

I j 3
- --I

The coefficients are assumed to be linearizzed for unit motijon amplittde
and wave height. 'rypical onnits for the Ship Motion File ar,:c

F - long tomns (2,240 pounds)
1. - feet

Anmges and angguiar responses are asmstined to hw ilm 'Wi s
In addit-ion to the ship motion coeflfciemts, the Ship Not imn Ilte

provides coefficients for estimat inmg the steady- ;tate approx imationmm, (i
the Se(cOnId ordier, wave-imdutced drift torces. TIese diiensjon ,c ; s (covf-
ficients are used to enstintteL, the drift formes onmce th" magttit hts of
the slhip responses, Qt, are obtainvd. The drift t'n, otmipomtlnt' s are:

Smr.•_ (Units - F):

7 7 f1* .4
F N~g) t x-'-- TXGJK) (-).

Žj1 k=l . " 'k
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Sw•y (ntiits - F):

F:y ;2 7(, : I-i•(' •.-1- .n- M y r(,K) (A-9•)

Yaw (0]nits - FL):

H 7 7 n'VM z M (L) [ -1Th.a (Ji
m k=1 1.

4Ii I -m~r ) 1-(A-10
J=1 k_1l1

where: 1o = wave amplitude (real number)

Ii0I

f1q2

-J q6 atigumented ship response

r 16

rn(j) 0 for j 1,2,3,7
1 for j 4,5,6

( )* means complex conjugate
:i wt.

This presumes the wave mnoLion is given by I1 c where 1o is jeal and
the ship response is 1. e .

The coordinate system presumed for ship's mot ions and forces is a
righthand cartesian system with its origin at the ship's center of
gravity, i.ts X-axis positive ait, its Y-axi% positive starboard, and its
Z-axis positive upward. Tae anigula" conivent.ion for the rel;.tive heading
between the ship and the waves assumes the following:

WUave Ifeadingi Descrijpmtio__

00 FoIlowing seas

90 0 Beam seas wit It waves traveling from

port to starboard

1800 Read -eas

2700 Beam seas wi th waves traveling
from starboard to port

The di fferences between the wave heading convent. ion and the ship':;
coordillates should be noted.
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The Ship Motion File is organized in logical records. The specific
contents of each record wi I be, described below. There are seven distinct,
record types. The first, two records contain data which are independent
of wave heading or wavelength. Record types 3 through 7 are dependent
on heading and wavelength and are t-epeated in a nested-loop fashion.
The overll form is:

Record 1

Record 2

Loop

on LoopRecord 3
Wae Record 4 (presented nly on first loop

onn

Wave e Record per wavelength in the NCEL file)
Wave

Record 6
Heading Record 7

The wave headings are assumed to be listed in decreasing order with
+180* being the largest allowed. The interpolation rouLines assume the
values given for +1800 will be used for -180', therefore, data for -180'
need not be given.

The wavelengths are assumed to be listed in decreasing order (i.e.,
increasing frequency order).

The individual records of the ý.le are described in terms of the
FORTRAN read/write lists associated with each iecord.

RECORD 1 NAME 1, NAME 2, NAME 3
Three Iollerith variables providing identifying data.

RECORD 2 (TITO(I), I=1, 12), WORD, WORD 2, WORD 3, ELL, BEAM, DRAFT, TVOL,
TMAS, TPST, ZG, CBV, NOB, (FN(1), 1=1, NOB), NOi, (HDGI(I),
1=1, NOH), NOK, (BAN(I), 1=1, NOK), VNY, GRAV, NRV, (RANG(I),
1=1, NRV), ((GMU(I,J), J=1,6), 1=1,6), ((DC(I,J), J=l,6). I=1,6)

TITO = Hollerith title consisting of 12 six-character words
WORD = length unit label (six-character Hollerith)
WORD 2 = force unit label (six-character Hoilerith)
WORD 3 = moment unit label (six-character Hollerith)
ELO ship's length (L)
BEAN s beam (L)
DRAFT = draft (L)
TVOL ship's volume is obtained from (ELL/2)) TVOL
TAS= ship's mass (FTiL i)
TPST slongitudinal distance from .g. to forward most

station is obtained from (ELL/2) TPST
ZG = vertical distance from water line to c.g., (+ up) (L)
CBV = vertical distance from water line to center of

buoyancy (+ up) is obtained from ELL - CBV

NOB number of ship speeds (SEADYN expects only one)
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FN(]) = the Froude numbers for each speed (only one
expe(cted)

NOil number of wave headings
IIDGI(I) the wave headinrgs listed in decreasing order

starting with 1800 and proceeding no further
than -179"

NOK number of wavelengths
BAM(I) = ilondimensiona] wavelength in decreasing order,

A = ELL . BAM(1)
VNY fluid viscosity (L 2T) -2
GRAV gravitational acceleration (LT A

NRV number of roll angles
RANG(l) = the values of roll angles (radians) listed in

increasing order
GMU(IJ) the nondimensional mass matrix
DC(I,J) the non-dimensional hydrostatic restoring matrix

RECORD 3 M1,1iDGI(M.), JJ, FN(JJ), 1L, BAM(LL)
MM = heading number
JJ = speed number

RECORD 4 ((DA(l,J), J=1,6), i=1,6), ((DB(l,J), J=l,6), 1=1,6)
DA(I,J) = the nondimensional added mass matrix for that

wavelength
DB(I,J) = the nondimensional wave damping matrix for that

wavelength

RECORD 5 (BOD(Iý BOD(I+3), BEV(!), BEV(I+3), 1=1,3)
BOD, BEV = the nondimensional wave force coefficients

RECORD 6 (B44S(l), I=1, NRV)
B44S(I) = the nonlinear roll damping terms that are

added to the linearized damping matrix
depending on the size of the roll angle
(nondimensional)

RECORD 7 ((TX(I,J), J=1,7), 1=1,7), ((TY(l,J), J=l,7), 1=1,7), ((TM(I,J),
J=1,7), I=1,7), (TP(l), 1=1,7)

The nondimensional drift force coefficients.
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Appendix B

SHIP LOAD DATA FILE

The purpose of the ship load data file is to provide static loads
for ships and other rigid bodies for wind and surface currents at various
headings. The file can be constructed and saved as a library of static
load functions; Appendix F describes the procedure used in DSSM to scale
loads between similar ships using this library of files. Input is
provided in a FORTRAN rigid format. Each ship load data set consists of:

SHIP LOAD TITLE RECORD
UNIT LABEL RECORD
SHIP FARA4ETERS
WIND RECORD
WIND HEADING RECORD(S)
WIND FORCE RECORD(S)
SURFACE CURRENT RECORD
SURFACE CURRENT IEADING RECORD(S)
SURFACE CURRENT FORCE RECORD(S)

Each of the data records is described below.
The free-field input routine will autometically read these rigid

format records when they are placed between the ( ) delimitor records
(see Section 5.0). These data can appear anywhere in the input stream
after the first title record set. When SEADYN encounters NSFILE>O,
these rigid format data are processed into the ship load data file.
This is to be done 3nly once in any job deck. It is not possible to
stack new problem cases using NEW which intend to define two distinct
ship ).oad data files.
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SHIP LOAD TITLE RECORD (12A6)W

Variable
Columns Name Description

1-72 SHPCAP Any descriptive title

UNIT LABEL RECORD (A6, 4X, A6, 4X, A6, 4X, A6)

Variable

Columns Name Description

1-6 WLBL Wind force label (e.g., "TONS," "POUNDS")

11-16 CLBL Current force label

21-26 LLBL Length label (e.g. , "FEET," "METERS")

31-36 VLBL Velocity label (e.g., "KNOT," "FT/SEC")

NOTE: These labels are output with the ship data as a reminder of the -*

units used. They are used for no other purpose.

SHIP PARAMETERS (8EI0.0)

Variable
Columns Name Description

1-10 TSLT Total ship length (L)

11-20 TSAF End projected wind area (L2 )

21-30 TSAS Side projected wind area (L')

31-40 TSWL Water line length (L)

41-50 TSB Beam at midships (L)

51-60 TSD Draft at midships (L)

61-70 TSDSP Volume displacement (LI)

71-80 TSAP Propeller projected area (.L)

*FORTRAN format specification.
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WIND RECORD (215, 6EI0.0)

Variable
Columns Name Description

1-5 NWIND Number of wind velocity tables (max is 5)

6-10 NTrIETW Number of headings in each table (max is 20)

th11-20 SCALE Test scale factor (A means I/A scale)

21-30 WNDVEL(1) First wind velocity (smallest) (IT 1 )

61-70 WNDVEL(5) Fifth wind velocity

WIND HEADING RECORD(S) (8E10.0)

(Repeat as required to get NTHETW entries)

Variable
Columns Nan'e Description

1-10 WNDHED(1) First wind heading (degrees)

11-20 etc.

NOTES

I. Headings should be between 0* and 3600, listed from the smallest to
the largest.

2. If the largest value is 1800, the loading functions are assumed to be
symmetric about 180* for the end forces and skew-symmetric for the side
forces and yaw moments.

3. The angle is measured relative to the ship's local coordinate system,
which is illustrated below:

CGx,

00
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WIND FORCE RECORD(S) (3E10.0)

Variable
Columns Name Description

th th
1-10 WNDCOE(I,2,J) End force for I heading and J velocity (F)

th th
11-20 WNDCOE(I,2,J) Side force for I heading and J velocity (F)

th t21-30 WNDCOE(I,3,J) Moment for I heading and J velocity (FL)

(I varies before J)

SURFACE CURRENT RECORD(S) (215, 6EI0.O)

1-5 NCRNT Number of current tables

6-10 NTHETC Number of headings in each current table

11-20 TDEPTH Test. water depth (L)

21-30 CURVT.I,(1) First current velocity (smallest) (LTI)

61-70 CURVEL(5) Fifth current velocity

SURFACE CURRENT HEADING RECORD(S) (8EI0.0)

(Repeat as required to get NTHETC entries)

Variable
Columns Name Description

1-10 CURHED(1) First Current Heading (Degrees)

11-20 etc.

(See notes for WIND HEADING RECORD)

SURFACE CURRENT FORCE RECORD(S) (3EI0.o)

(One record for each heading repeated for each velocity)

th th
1-10 CURCOE(I,2,J) End force for I heading and J velocity (F)

11-20 CURCOE(I,2,J) Side force for I thheading and J thvelocity (F)

1th ndJth21-30 CURCOE(I,3,J) Moment for I heading and J velocity (FL)

(I varies before J)
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The ship load file contains one logical record for each ship cata-
logued on the file, and it is written in a binary form with the following
FORTRAN statement:

WRITE(1O)NWIND,NTHIETW,WNI)VEL,WNDHED,WNDCOE,SCALE,NCRNT,NTHETC,
CURVEL,CURHED, CURCOE,TDEPTH,TBLOCK,TSLT,TSAE, TSAS,TSWL,TSB,TSD,
TSDSPTSAP,SHPCAP,WLBL, CLBL,LLBL,VLBL

A number of the items in the list are arrays, and they are written in
their entirety using the implied DO-LOOP feature of FORTRAN 1-0 statements.
A description of each item, including the dimensions of the arrays, is given
below:

VARIABLE DESCRIPTION

NWIND Number of wind velocity tables

NTHETW Number of headings in each wind table

WNDVEL(5) Array of wind velocities

WNDHED(20) Array of wind headings

WNDCOE(20,3,5) Array of wind load coefficients giving values for up

to 20 headings for end force, side force, and yaw

moment for up to five wind velocities

th
SCALE Scale for wind load tests (A means I/A scale)

NCRNT Number of current velocity tables

NTHETC Number of headings in each current table

CURVEL(5) Array of current velocities

CURHED(20) Array of current headings

CURCOE(20,3,5) Array of current load coefficients giving values for

up to 20 headings for end force, side force, and yaw

moment for up to five current velocities

TDEPTH Water depth for test

TBLOCK Ship's block coefficient

B-5
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TSLT Total ship length

TSAE End projected wind area

TSAS Side projected wind area

TSWL Water line length

TSB Beam at midships

TSD Draft at midships

TSDSP Volume displacement

TSAP Propeller projected area

SHPCAP(12) Title of 12 six-character Hollerith words

WLBL Wind force label, six-character Hollerith word

CLBL Current force label, six-character Hollerith word

LLBL Length label, six-character Hollerith word

VLBL Velocity label, six-character Hollerith word
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Appendix C

BUILT-IN DRAG COEFFICIENTS

In the event that fluid loading is required and the drag coefficients
are not given by the subroutine DRAGCO, the program will select default
drag coefficients from a set of built-in functions. The default coefficients
are used whenever INDRAG = 0 (PROB record, Section 6.3), reardless of
the drag coefficient codes on the cable materials and/or the lumpeda
bodies. If INDRAG $ 0, the default coefficients will be used for those
components that have zero drag coefficient codes.

The default coefficients are:

Spherical Bodies _ _,__-_

Reynolds number, R V d _ velocity x body diameter (C-1)
e u kinematic viscosity

= 0 for R _0.
0R) .5 :

C = 0.004 = 13.46/(R for 0.1 < Re 1000
CD e e 05 -e

CD = 0.47 for 1000. < R 10= C

CD 0.12 for R > 10

Cylindrical Bodies and Cable Elements

V N d - normal velocity x body diameter (3
Re U kinematic viscosity (C-3)

V d
R T - tangential velocity x body diameter (-

U kinematic viscosity ,.4)

C-- 12-1 )I



w-_

C = 0 for R 0.1

0.33cN = 0.45 + 5.93/(R ) for 0.1 < Re $ 400

CN = 1.27 for 400 • R 105 5

c = 0.3 for Re > 10 .

cT = 0 for ReT 0.1

CT = 1.88/(ReT) 0 "7 4  for 0.1 < R eT _ 100.55 (C-6)

C 0.062 for ReT > 100.55
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Appendix D

MOORING COMPONENT INVENTORY

The mooring component inventory contains data tables for the following:

Anchors:

Navy standard stockless
NAVSHIPS lightweight
NAVFAC STATO

Bar riser chain type

Chain:

Steel stud-link

Hawsers:

Samson braids -- 2-in-I. Nylon
2-in-Is Power Braid
2-in-i Stable Braid
12 Strand Blue Streak

The inventory lists weights, buoyancies, and strengths in pounds.
Lengths and buoy dimensions are in feet. Hawser and chain sizes are in
inches. These units may be converted to those needed in the analysis by
providing the appropriate conversion factors on the INVE data record
(see Section 6.9). The contents of the inventory can be obtained by
setting the print. flag in Word (4) of the INVE record. The listirig of
the present inventory is presented below.
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COMIPONENLT ILNVEN'TORY

ANCHOR TYPE NAVY STD STOCKLESS

WEIGHT FED. STOCK NO. HOLD. POWER

(FIRM SAND)• 30000E+04 C2040-516-7758 .21000E+05
.50000E+O4 C2040-516-7757 .35000E+05
.60000E+O4 C2040-516-7756 .42000E+05
.70000E+04 C2040-516-7755 .49000E+05
.90000E+04 C2040-516-7754 .63000E+05
.*100001.o5 C2040-272-2244 .70000E+05
.13000E+05 (2040-272-2245 .91000E+05
.14500E+05 C2040-272-2246 .10150E+06
.18000+05 C2040-516-7753 .126e0111- O
.20000E+05 C2040-272-2247 .14000L+o6
.25000E+05 C2040-272-2242 .17500E+06
.30000E+05 C2040-272-2243 .21000E406
.40000E+05 C2040-277-2423 .28000E+06

ANCHOR TYPE = NAVSHIP(LWT)

WEIGHT FED. STOCK NO. HOLD. POWER

(FIRM SAND).*10000E+03 H2040-377-8600 .28374E+04
.15000E+03 H2040-377-8601 .39565E+04
.20000E+03 H2040-377-8602 .50091E+04
.30000E+03 H2040-377-8603 .69848E+04
.50000E03 H2040-377-8604 .10619E,-05
.75000E+03 112040-377-8605 .14807E+05
.I000E+04 H2040-377-8606 .18746E+05
.15000E+04 H2040-377-8607 .26140E+05
.20000E+04 H2040-377-8608 .33095E+05
.25000E+04 H2040-377-8609 .39740E+05
.30000E+O4 H2040-377-8610 .46148E+05
.40000E+04 H2040-377-8611 .58426E+05
.50000E+04 H2040-378-5633 .70157E+05
.60000E+04 H2040-378-5634 .81470E+05
.IO00OE+O5 H2040-377-8612 .12385E+06
.13000E+05 H2040-377-8613 .15358E+06

ANCHOR TYPE = NAVFAC STATO

WEIGHT FED. STOCK NO. HOLD. POWER

(FIRM SAND).20000E+03 2CF2040-800-9659 .40000E+04
.30000E+04 2CF2040-702-7864 .60000E+05
.60000E+04 2CF2040-702-6785 .12000E+06
.90000E+04 2CF2040-702-6786 .1800uE+06
.12000E+05 2CF2040-702-6787 .24000E+06
.15000E+05 2CF2040-801-7938 .30000E+06
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STEEL STUD-LINK CHAIN

SIZE STRENGTII WEIGHT/LENGTH
.7500 48550. 5.5556
.8750 65280; 7.7778

1.0000 84500. 9.4444
1.1250 106080. 12.2222
1.2500 130070. 15.0000
1.3750 156330. 17.7778
1.5000 185060. 21.1111
1.6250 216030. 24.4444
1.7500 249210. 28.3333
1.8750 284540. 32.7778
2.0000 322000. 36.6667
2.1250 361530. 41.1111
2.2500 403100. 46.6667
2.3750 446660. 51.6667
2.5000 492190. 57.7778
2.6250 539620. 63.3333
2.7500 588930. 70.0000
2.8750 640070. 76.6667
3.0000 693000. 83.3333
3.1250 747680. 91.1111
3.2500 804070. 98.3333
3.3750 862130. 106.1111
3.5000 921810. 114.4444
3.6250 983080. 122.7778
3.7500 1045900. 131.1111
3.8750 1110210. 140.0000
4.0000 1176000. 148.8889
4.1250 1234200. 158.8889
4.2500 .1311790. 170.0000
4.3750 1381330. 183.8889
4.5000 1452930. 198.3333
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BUOY DATA

RUOY TYPE = BAR RISER CHAIN

0. D. HEIGHT WEIGHT NOM. BUOYANCY MAX. BUOYANCY FIED. SIOCK NO.
6.53125 4.03125 2200. 3562. 4300. C2050-223-3651
7.03125 5.03125 2500. 5835. 7518. C2050-264-4497
9.50000 5.00000 7700. 7420. 10445. C2050-223-3665

10.50000 6.50000 9600. 14414. 20879. C2050-223-3662
10.50000 7.50000 10100. 17608. 25921. C2050-264-44981
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Appendix E

RESTART FILE STRUCTURE

The SEADYN program creates up to three restart files (one each for
the DEAD, LIVE, and DYN subanalyses). Multiple selections of a subanalysis
type simply extends the file unless a rewind is signaled on the SAVE
data record. A counter is provided for each of the files to keep track
of how many restart records have been written. The FORTRAN file codes
used are:

O! - DEAD
02 - LIVE (and TSSS)
03 - DYN

Each time the file is rewound, the counter for that file is set to zero,
and a label record is written. The write statement is:

WRITE (NFILE) (TITLE (I), I = 1, NHED), NINA, NPRECZ

where: TITLE = page heading title card for t0e run (Each word is
assumed to have 10 characters.)

NINA = size of unlabeled common when the file is saved
NPRECZ = precision number for floating point numbers

I = single precision
2 = double precision

NFED = the number of words in the title = 8

Each restart save operation uses the following write statement:

WRITE(NTAPE) (A(I),I=1 ,NINA), (B(I) ,I=1,NINB),(C(I) ,I=],NINC),
+(RL(I) ,I=l ,NINRL),(P(I) ,I=1 ,NINPO), (T(1) ,I=1 ,NiNT), (SH(I) ,I=l ,NINS
+HP), (DP(I),I=l ,NINDSP), (STM( I), I=1 ,NINSTM) ,NFILE

,(IAABU(I),I+1,NINBI), (IAACA(I),I= 1,NINCI)
,(IAACI,(I),I=I,NINCLI),(IAADS(I),I=1,NINDSI)
,( I.AAPO (lI),1+1,NI NPOI ), (IAASP, P (l), I=1: N NSHI )

,(IAASTM(I),I=1,NINSTI),(IAATIM(I),I=1,NINTMI)
+,DLD ,WLD,DYN,CHECKR,NOVEL ,NOITER ,NOFLUD,NOLOAD,FEEDBK, POIJT,
+ REFUP, STEPUP
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whe re the arrays are defined by:

COMHON/ACOM/ A(l)I
COMMION/BUOYS/ B(1)
COMMION/CABLE/ C(l)
COKMON/CONTRL/ RL (1)
COMMION/DSPCON/ DP(1)
COKMON/PAYOUT/ P(l)
COMKION/TIMED/ T(l)
COMMON/SHIPS/ SH(l)
COMM1ON/STRUII/ STh(l)
COIINON/ IBUOYS/ IMABU( 1)
COMNON/ ICABLE/ IAACA( 1)
COMMON/ ICNTRL/ IAACL( 1)
COM1ION/IDSPCN/ IAAIIS( 1)
COMIION/ 1PAYOT/ IAAPO( 1)
COMMION/iSlIIPS/ 1AASIIP(l)
COMNON/ISTRUN/ IAASTh( 1)
COMtION/ITIN4ED/ IAATIM(l)j

COMION/LOGIC/DD ,WLI) ,DYN ,CHECKR,NOVEL ,NOITER ,NOFIUD ,NOLOAD,
I FEEDBK ,POUT,REFUP,STEPJJP

The sizes of the arrays are, givfwn by:

COMIMON '/SIZE/ NINA,NýINB,NINRL,NINDSP,NINPO,NINSHP,NINSThI,NINT,1
I NINC,NCOM,iFiLEF(4) ,NPRECZ ,N1NBI ,NiNCI ,NINCTJ -,NINDSI,
2 NINPOI ,NINSHl ,NINSTI ,NINTMI

These sizes are identified in Reference 2, and count the number of
single-precision words to be read/written. This count is adjusted for
double- or single-precision conditions. The 3rrays are always to be
treated as single precision in the RESTART routine even though they can1
contain miixed-doubIle precision and fixed-point data in the rest of the
program. The actual. contents of the labeled common blocks are defined

in the calling program with the appropriate word format.
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Appendix F

SHIP'S LOADING FUNCTIONS

This Appendix describes the tabular approach used in SEADYN to
obtain stat.c loads on a ship subjected to winds and surface currents.

The ship loads are assumed to be applied through the center of
gravity of the ship. Three sources of loading are considered: wind
loads, surface current loads, and point loads representative of working
'.oads. The point loads are specified through the noreal. loading options
(see Section 7.1.7, LOAD record). It is assumed that the point loads do
not change their magnitude or global directions as the ship amoves to a
new position. Specification of the wind and current loadings is somewhat
more complicated. The SEADYN program provides two approaches to defining
these loads. The first approach is in the form of loading tables that.
give loads versus ship's heading relative to the flow. The second
approach uses approximate analytical expressions, which are described in
Appendix G.

The tabular approach is based on the procedures given in NAVFAC's
Design i-..nual. 26 (Ref 17). The DM-26 approach utilizes experimental
measuremnrnts for the forces and moments for various headings of wind alnd
current. for a set of "representative" vessels. Similarity scaling is
then applied to get loading values for ships other than the test model;.

The DH-26 procedure begins with a set of load measurements obtained
from subscale tests on a representative ship's model or any other available
source. The measurements give values for the lateral and longitudinal
forces and yaw moment versus flow heading and flow velocity. These
measurements represent. the combined effects of such phenomena as profile
and friction drag, lift-induced side forces, and shifts in the center of
pressure. Tables of these measurements can be specified as either input
to the program or as a special ship loading file previously generated
and saved for subsequent referencing by SEADYN. This saved file is
assumed to be on logical unit 03 (see Appendix J).

Given the headings of wind and surface current relative to the
ship, the loads are obtained by linear interpolation in the tables. In
the event that there are tables provided for more than one velocity, the
table for the velocity nearest the one specified in the analysis will be
used. This is determined by comparing the squares of the velocity
ratios.

After the load coefficients are obtained from the tables for the
given heading, they must be scaled to account for differences in the
conditions modeled in the test and for those being analyzed. The scaling
accounts for differences in flow velocity, water depth, and ship geometry.
The formulas for adjusting for these effects are given in DH-26 and are
restated here for completeness.
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2
Fs = C V F (A/At) (F-i)

s f ms s ts

F = Cf V2 Fme (Ae/A te) (F-2)

NM = Cm V2 Mm (As/A ts) (L/L ) (F-3)

where: F = lateral force on ship
s

F -= longitudinal force on shipe
M = yawing moment on shipw

F = lateral force on model
ms

F = longitudinal force on model
me
N = yawing moment on modelm
V wind velocity

A = side-projected area above the water line of ship beings analyzed

At side-projected area above the water line of modeled ship

A = end-projected area above the water line of ship being
analyzed

Ate = end-projected area above the water line of modeled ship

L = length of ship being analyzed

Lt = length of modeled ship

Cf S (F-4)
2

VT

Vm= --T (F-S) *1
S linear scale of the model (e.g., 50 to 1; S 50)

VT = wind velocity used in model test.

TI
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CURRENT

h h (F-6)2 h 1 Lw2 /LwI

V1 = V2 (LW1/LW2) 1' 2  (F-7)

F2  = F1 A2 /A1  (F-8)

M2  = N1 (A2/A1)(Lw2 /LW1) (F-9)

where: h = depth of water

V = velocity of current

LW = water line length of vessel

F = lateral or longitudinal resisting force

A = displacement

M = yaw resisting moment

Subscript 1 denotes the full-scale vessel for which the model test was
made, and subscript 2 denotes the vessel being analyzed.

When the velocity from Equation F-7 does not correspond to one of
the tables given for the model test, then the forces and moments must be
selected from the tables corresponding to the velocity nearest the value
of V_ in Equation F-7. It will then be necessary to adjust the values
by tAe square of the ratio of the V velocity and the velocity represented
in the tables, V _.

It is quitetlikely that the depth at the proposed mooring site will
not be the same as that obtained for h in Equation F-6. In that event,
a correction for depth is required. DA-26 suggests that the correction
be made assuming an inverse relationship with the side resistances at
the two depths in question. The curves given in Graph 124 (EC-2) of
DM-26 are used along with Equation F-6 for this purpose. The data are
given in tabular form and the side resistances are obtained by logarithmic -
interpolation. The resistance for a depth greater than that. in the
table will be the last value in the table.

The adjustments for current velocity and depth are summarized by
the following equations:

F' =f Vtl2 Fs2 (-0
s2  fh 2(F-)
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F' = i 2 F2 P C A V 1 2 (F-1l)"e2 h WI vt-2J el "2" p ti

IpC A V2

2 p 2

V1l2
Mt F-12)

2 tf44 2]

where: fh = the depth scaling factor

V t = the velocity at which the test data was obtained

A = the propeller projected area

C = the propeller drag coefficientP
p = fluid density

The primes indicate the value has been adjusted to the desired condi-
tions for the mooring site. Equation F-11 reflects the adjustment in
the longitudinal force recommended by DM-26 with the assumption that
(1/2) p C = 2.88 (with V in knots). Assuming the specific weight o±
seawater ?s 64 !b/ft 3 and the acceleration due to gravity is 32.2 ft/sec2 ,
then C = 1.00. The form using (1/2) p C rather than 2.88 is required
to makR the procedure dimensionally independent.
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Appendix G

BUILT-IN LOAD FUNCTIONS FOR SHIPS

This Appendix describes the analytical approach for obtaining
static loads on a ship subjected to winds and surface currents. The
approximate analytical expressions for ship's loading are based pri-
marily on the work of Hughes (Ref 18), standard Naval architectural
formulas (Ref 19), and Altman (Ref 20).

The wind loading is given by:

F = K P V2(A sin2 0 + A cos2 0) cos (o-6) (G-1)

where: K = constant, 0.6

F = resultant wind force

P', = mass density of air

V = wind velocity

0 = wind heading relative to the bow

a = heading of the resultant wind force relative to the bow

A = side projected area of ship above water line
S

Ae = end projected area of ship above water line 7

The heading of the resultant wind force, o, is approximated as a
function of e in a 7 order polynomial as follows:

= 0.0715608 + 7.954381 0 - 0.3254561 02

+ 0.0073131 03 - 9.3966 x 10"5 04

+ 6.85008 x 10" 7 o - 2.6323 x 10-9 06

+ 4.1453 x 1 01 (2)

In Equation G-2 both 0 and U are measured in degrees.
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The distance between the ship forward perpendicular and the center
of wind pressure, X , can be approximated as a polynomial function of
the wind direction,CB. This relationship is:

=p 0.2004112 + 0.0048641 0 - 4.52442 x 10-5 02
L

* 5.45736 x 10-7 0 - 3.78789 x 10 0-9-64

+ 1.02881 x 10 110 (G-3) -

Hlere, as above, 0 is measured in degrees. Also, L is t.he overall ship
length. The yawing moment due to wind is then approximated by:

N F FLsinc 01-4)

Analytical expressions for the res[stances from current effects
utilize the approach presented by Altma.- in Reference 20. These expressions
are summarized below;

F F s 1 .+ (G-5)

F(h )2 - J

= 0.215 P V2 L 11 sin 0 (G-6) -A
w w

Fe = PwV (S CR Ap Cp) cos 0 (G-7) -11
= F L (G-8)

s CP

where: F lateral current force at the specified water depths

F lateral current force in deep waterSoo

F = longitudinal current forceC

m - yaw current moment

V = displaced volume

C wetted surface coefficient, input on SHIP record

CR = hull resistance coefficient, input on SHIP record
or calculated as C + Cf + 0.OO0S (G-9)

rrresiduary resistance coefficient (see followingI
Cr discussion)
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Cf frictional resistance coefficient,

o.456 -2 !M-0 5 x 105 (G-lO)

(og R e)2.58 R

0.002 R < 5 x 105

S C V L (G-11)

R -- Reynolds number for the hull (based oel longitudinal
co)punentt of flow and ship length)

L distance troin midships to hull center of pressure

L1 ,L90 1 0,00226 (0 - 900) for 00 ' 0 < 180'-

LIt 9 0 + 0.00226 (0 - 2700)] for 1800 ' 0 .-ý 3600 (G-12)

L = ratio of distance to center of pressure at 0 = 90090 to the distance to the center of hull side area

h water depth

11 = ship draft

Pw = mass density of water

Lw = waterline length of ship

Ap = propeller projected area

Cp propeller drag coefficient

Several of these terms require further discussion. The hull resistance
coefficient, Cu, represents the sum of various coefficients for different
sources of hulT resistance. This coefficient can be input or calculated
in the computer program. When no input is given for C , it will be
calculated as thie sum of a re;;idnary reststance coefficientt a frictional
resistance coefficient, and a fouling/su!rface effect coefticient. The
fouling/surface effect. coefficient is given an arbitrary valie of 0.0005.
The frictional coeffi(i ent is calculated from Equation G-10 and the
residuary coefficient is obtained from linear interpolation of a digitized
form of Figure 38 of Reference 20. This method of obtaining C isr -

limited to low flow velocities since wave-making resistances are ignored.
The longitudinal location of the center of pressure for a hull

skewed with respect to the flow is estimated by Equation G-12. Thi s
requires an estimate of the ratio of the distance to the center of
pressure and the center of area for beama flow 1, This factor is
estimated by linear interpolation betweelx the vawies for the ship's
DI)-b92 and EC-2 using the block coefficient as a reference. Reference 20
gives the values for 1., for tile DD-692 and EC-2 as 0.056 and -0.138,
respectively. (Negative means aft of midships.)
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It should be emphasized that these analytical expressions are to be
viewed as a convenient alternative to the DM-26 experimental curve proce-
dure. It remains to be demonstrated that they are capable of giving
reliable approximations of the ship's loading.

.12€
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Appendix 11

USER-SUPPLIED SUBROUTINES

The SEADYN program allows additional modeling flexibility by providing
for three uqer-defined subroutines, They are: DRAGCO, TFNUSR, and
CURUSR.

The DRAGCO subroutine provides for definition of line and lumped
body drag coefficients. The routine is called each time the coefficient
is required. The necessary subroutine parameter definitions are:

SUBROUTINE DRAGCO (INDRAG, IBOD, IDA, RE, RET, CN, CT) j)

where: INDRAG = option call number from PROB record

IBOD = I - spherical buoy
2 - cylindrical buoy
3 - cable

IDR drag coefficient number specified by lumped body
(BODY record) or cable (HATE record) input data

RE Reynolds number based on the normal component of the
relative fluid velocity

RET Reynolds number based on the tangential component of
the relative fluid velocity (not given for spheres)

CN return variable for the calculated normal drag j
coefficient

CT return variable for the calculated tangential I
drag coefficient (not used for spheres)

INDRAG, IBOD, and IDA can be used as indices to select the drag coe:.icients
from user-defined catalogs of functions if that is desired.

The TFNUSR provides a single-valued function in time that defines
the time viriation of loads, currents, motions, payout., etc. The necessary
subroutine parameter definitions are:

SUBROUTINE TFNUSR (T, F, N, TPARM)
DIMENSION TPARN (1)
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whej.re: T -icurrent tinle, T Ž 0

F the retiurted value, of the time fuiictIiou -

TPARH a sig] e-dinmensi oan array of user-defitied inapiut pa ramete rs
piovided for the N f'utct i on l The maximum nmmber of,
parameters is 20.

The (CORUSIR subrout.ine is called to define the fluid velocity at ail
niode points in the structiure when the FIOW library indiicate"s a user-
de f i ned rolut ioe. Unless siglumiled otlherwise, tlihe i-oUilno is called at ,•
every it.erat.iott or step of Lite aubanaly.; is . DYN and TSSS suba nalyses
can call CIRUSR to get the space-depemidentt flow component ; and t:,' tihe
'F'FIIN lii iira ry t o do d i imt t i me var i at ion 01 ('Ic in -,eqU 1 i1- CIIURSR Lo ( i Ve hoth
time and space variat.ion, (See Lihe FLO l ibriary data,) The zifecessary
suilbroutine parameter definitions are:

SUBROUTINE CURUSR (T, N, NN, X, V, FI.IAR)
IMINENSION X(3,I), V(3,I), FI.PAIR(i)

where: T = current t ime, T !-` 0.0

N = f'uo field number, N > 0

NN = number oi nodes

X nodal posit. ions (X, Y, Z position lot each node)

V = n(odal flow vector (X, Y, Z velocity for each node).
Thise valuies for all NN nodes are to be ret urned --t
each callI

FLPAR = a single-dimensioned array oft 11ser-defined input
piarameters provided for tihe N flow field. The
maximum number of pa tanmet ecrs is 10.
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Appendix I

OPTIONAL DEBUG OUTPUT

The SAO data allow for requests of extra output data. In general,
this utput was intended for use in debugging and checking the program.
It has aiso been found useful in finding difficult input errors and ana-
.1:.ing :.he efficiency of various choices of analysis methods and parameters.
7,'F .puI J '. u1uallP requested, and little effort has been expended
in gen . , .6 identify the output. It is assumed that when
the hir ,-cIs o1 output detail are reqie:&td, the user is familiar
r-ou-' vith t -r -gram structure and the analysis methods to be able to
.,,ize the d&: ir:teiligoz-t.y. Indiscriminant requests for extra
.)0ouo .. •*'_ jy discorigag;d since they greatly add to the output

•.ume and increae ren r ,osts.
Tý:c -)RTRAN ". iab2e I:j" .- ii input used to control the extra

outr.A, Generala•, -ow levels of output are obtained by small values
for IH 1 When 'BG ic less than 7 only a small amount of specific output
is usually produced. Values of IBG greater than 6 will give significant
amounts of output on itcL'ati',e analyses. The following is a list of the
values of IBG recognized in Lhe subanalysis and a brief description of
the output they generate (frequency codes: I = each iteration, S = each
step, F = each wave frequency, H = each wave heading):

IBG FREQUENCY EXTRA OUTPUT

kI S The number of iterations required to get convergence
of iterative solutions (DEAD, LIVE, DYN).

A message whenever the reference configuration, Rc,
is updated.

I For VR Method: standard output record.

2 1 A message whenever an element is in compression wVt-
no compression stiffness (i.e., slack).

A message whenever a buoy or anchor changes its status
relative to the surface and bottom limits.

The values of the net vertical forces applied to buoys
and anchors.

Best Available Copy

I°!



IBG FREQUENCY EXTRA OUTPUT

3 S The values of nodal displacement, velocity ne.
acceleration in t. (see Ref 0)- the nodal displace-
ment and acceleration at the incremental reference
state; the nodal positions and forces in tC, for each
node.

4 1 Payout update data (not implemented yet).

5 I Ship's static loads in local and global coordinatzs.

i6 1 For MNR Method: five values are printed --

residual norm, displacement norm (the one used), and
the values for the three alternative displacement
norms.

I For VR Method: current numerical damping data
displacement and velocity norms current control
parameters.

For the DIM Dnamic Method: six values are printed --
the iteration number, the displacement norm, the
maximum acceleration increment, and the values for

three alternative displacement norms.

F For Lhe FREO Subanalysis; tVie values of the s-t.edy-
state solution vector, and the response amplitude
operator data for displacements and tensions.

Ž>7 For the MNR Method: A message when the tangential

stiffness matrix is calculated. A message when the
ID search is initiated and terminated.

Element tensions.

The values of DMU, BETA, and the modified diagonal
terms of the tangential stiffness matrix when

numerical damping is used.

A message when alternating estimates are detected
and the next "guess" is between them.

The current positions of the nodes.

I For VR Method: current displacements and positions.

I For the DynamicAnalyses: A message whenever
alternating estimates are detected and the next "guess"
is betw•en them.
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IBG FREQUENCY EXTRA OUTPUT

S For the RFB Dyuamtic Method: A message when tangent
stiffness matrix calculated.

Element tensions

Effective loads

Incremental displacements

I For the FREQ Subanalys..s: the values of the ship's
roll angle.

>8 I For the NR Method: current values of the residual
norm, the components of the residual, the force vector,
the total displacement, and the incremental displacement.

IBG is reset to 7 after five steps.

I For the DIM Dynamic Method: current values of the
force resid'ial, acceleration increment, and displace-
ment increment.

I For the FREQ Subanalysis: the values for the wave-
induced ship's forces (local coordinates), the force
vector (global coordinaLes), and the steady-state
response vector.

F Details of dynamic tension calculation.

S For the RFB, VR and SLI Static Methods: the
incremental cr effective forces and the displacement
increments.

ý9 Once For RFB Dynamic and MNR Methods: the terms of the
tangential stiffness matrix in compact storage format.

IBG set to 8 after one printing.

=>0 H For FREQ Subanalysis: the dimensionalized form of
the ship's mass and restoring matrices (MS and KS)

I Diagonal terms of the system matrix, [K-_WN + iW•C.

The parameters used ir, interpolating the ship motion
File.

The ship's added mass and damping matrices (M, Cs)
and loading d.ta.
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IBG FREQUENCY EXTRA OUTPUT

11 I The values of fluid velocity and fluid induced loads
at each node in the system.

The local and global forms of the ship's static
loads (same as IBG = 5)

The local to global transformation matrix for ships.

•1I H The mass matrix in compact form for the mooring
system in a FREQ subanalysis.

Z12 Once The global stiffness matrix iu compact form.

•13 Once Each element stiffness matrix and local-to-global
transformation data.

The element contributions to the residual. IBG set
to 11 after one printing.

14 Once Same as IBG = 13 except IBG is set to zero after
one printing.

'1
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Appendix J

PROGRAM SIZE LIMITATIONS AND STORAGE REQUIREMENTS

An attempt has been made to make the SEADYN program flexible in size.
There are, however, some specific limitations imposed by FORTRAN dimension
statements. These have been chosen large enough to accommodate most models,
and can be increased by modifying the specific dimension statements
and size variables. This requires program recompilation and assembly,
the description of which is beyond the scope of this manual.

The specific size limitations are:

Maximum number of: bodies in BODY record 50
body locations given by BLOC record 50
limit conditions in LIMI record 50

limit locations given by LLOC record,
etc. 50

lines connecting to a limited node 10
cable materials in MATE record 10
entries in any tension/strain table 20
entries in FLUI record 2*
catenary lines of nodes generated by

LINE record 20
ship/platform rigid bodies defined by

SHIP record 5
ship/platform rigid bodies in FREQ SAO 1-
payout/reel-in ends defines in DYN or

TSSS SAO 5
moved nodes defined in DYN oi TSSS SAO 5
lines connecting to a node where an

anchor holding power CHEK is made 20 A.

strum strings defined by STRUM record 30
elements in any strum string 20
flow fields defined by FLOW record 10
parameters associated with any flow

field 10
time functions defined by TFUN record 20
parameters associated with any time

function 20
load variation sets defined by

LOAD/LVAR records 3
PROB + REST data sets in any run 50
rigid format data sets in any run 1"

*Frogram logic limitation
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wave han . on. shi13.p -m fil 30

wave headings on ship motion file 30
wave lengths on ship motion file 30
roll angles on ship motion file 8
wind velocities on ship load file 5
wind headings on ship load file 20
current velocities on ship load file 5

current headings on ship load file 20

The size restrictions related to the number of nodes and line elements
that can be included in any model are not rigidly defined by dimension
statements. A form of variable dimensions is used, which takes a given
block of storage (labeled common ACOM) and partitions it according to
the problem size and specific needs of each analysis option. Tie main
program for SEADYN is simply a routine that defines the size of common
and calls the controlling routine. The minimum storage required for a
problem is given by the variable NBASE (printed with PROB data set
output):

NBASE = (31 *NE) + (66* NN) (3-l)

where: NE = number uf elements

NN = number of nodes

It is possible to reduce the size of NBASE for problems that will not
use sto_:.ge for velocities and accelerations. At present, the logic to
do this ib auL implemented, although a flag to request iL is provided in
the PROB data set.

Additional storage is required by each of the analysis options.
The formulas used to calculate storage needed for each SAO type are:

DEAD, LIVE, TSSS, DYN:

NEED = NBASE + NF3*IB (J-2)

MODE:

N•D = .5*(3*NF3l*F3 + 5*'r1Y3) (0-3)

FREQ:

NEED = NBASE + 2*NF3*IB (3-4)

CHFK:

NEED NBASE (J-5)

where: IB = equation half bandwidth (0 for DYN - DIM solutions)

NF3 r NSLAVE)

NSLAVE = number of slave nodes
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Storage size checks are made at the beginning of each SAO to deter-
mine if enough space is available. If not, a message is printed to
indicate the space needed, and the run is aborted.

The major users of storage space are simultaneous equation solvers
and the Jacobi. eigenvalue solver. These analyses are done entirely in
core storage assumia- sparse and banded matrices that are symmetric.
This poses only minor difficulties on virtual memory machines. Real
memory machines (even with an extended core) can place severe restrictions
on problem size. Use of an extended core (LCM on CDC) requires special
modifications that go beyond the scope of this manual. Get a programmer's
help! Further relaxation of these restrictions are possible but require
significant program modifications.

An example of the size limitations (number of elements and nodes)
for a representative real memory machine is given below:

Machine: CYBER 76 (CDC7600) SCOPE 2.1 Operating System

Maximum Available Small Core Memory: 160,0008

Maximum Program Size (Segmented form - full program w/o ACOM): 126,0008

Available for ACOM: 32,0008 or 1331210

Assume half bandwidth of 10 and NE = NN , then

for DEAD, T.TVE, TSSS:

(31 + 66) NN + 30 NN = 13312

13312NN ==104
127

for DYN - DIM:

13312NN= 137
97

for MODE:

27 .M2 + 15 N - (13312)(2) = 0

NN = -15 ± 225 + (8)(27)(13312) = 31

54

for FREQ:

(31 + 66) NN + 60 NN 13312

13312
157
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SEADYN uses the following files:

FORTRAN
File Name Format Use

01 Binary DEAD restart save file

02 Binary LIVE, TSSS restart save file

03 Binary DYN restart save file

04 Binary Alternate restart in;put file

05 BCD System input file

06 BCD System output file

08 Binary Ship motion file

09 Binary Scratch file for temporary data storage

10 Binary Ship load data file

11 Binary FREQ steady-state response solutions

12 Binary Storage of FREQ response data (WA~s)

13 Binary Scratch file for FREQ wave heading data

Is Binary Deciphered record images of free-form input

16 BCD Scratch file for rigid format input data

20 Binary Mode shape output

21 Binary Scratch file for mode shape calculations
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